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REPORT 


Or A CONFERENCE HELD AT THE OFFICE OF THE AMERICAN 
TELEPHONE AND TELEGRAPH COMPANY, No. 18 COURT- 
LANDT STREET, NEw YORK, SEPTEMBER 7TH, 8TH AND 
9TH, 1887. 


The following gentlemen were present and took part in 
the discussions: 


EDWARD J. HALL, Jr., General Manager, American Tele- 
phone and Telegraph Company. 


Е. М. Barton, President, Western Electric Company. 

W. W. JACQUES, Electrician, American Bell Telephone 
Company. 

W. В. PATTERSON, Electrician, Western Electric Com- 
pany. 

JoHN A. BARRETT, Electrician, American Telephone and 

. Telegraph Company. 

А. S. HiBBARD, General Superintendent, American Tele- 
phone and Telegraph Company. 

W. D. SARGENT, General Manager, New York and New 
Jersey Telephone Company. 


W. H. EckERT, General Superintendent, Metropolitan 
Telephone and Telegraph Company. , 


JosepH P. Davis, Consulting Engineer, American Bell 
Telephone Company. 


H. B. THAYER, Manager of the Western Electric Company, 
in New York. 


Mr. Hall: We meet here to-day for the purpose of dis- 
cussing in an entirely informal manner the subject of 
telephone cables. We all realize how great the need is for 
more information on this subject, and how few sources of 
information are open in electrical literature or in the 
current published records of telephone work. 

Looking at the matter from different standpoints, we 
wish to add together the results of our observations and 
experience, to discuss the theories which explain observed 
phenomena, and to illustrate, by practical tests, the appli- 
cation of the formulas which we hope to have presented, 
for our practical use in the future. 

It is, perhaps, too much to expect that we can now reach 
the desired result of formulating definite rules covering all 
the details of specifications for telephone cables for any 
stated use. The art of telephony is probably too new to 
have yet reached any such state of exact knowledge. We 
may, however, agree on some propositions that will so far 
help in our work, as to keep us progressing in the right 
direction and enable us to avoid some of the costly ex- 
periments involved in testing, as we have all been obliged 
to, untried hypotheses on the large scale of practical 
work. 

If the results of our conference show that we have not 
yet reached any broad basis of agreement, they will serve 
to emphasize the necessity of continued investigation and 
study, and we will have in the report of this meeting a 
large amount of valuable data preserved in a permanent 
form available for future reference. To this, we may 
hope to add from time to time the results of our own 
broader experience, and the mass of information which is 
daily being accumulated by the many able observers who 
are working in all parts of the telephone field. 

We hoped to have for our consideration “this morning 
papers from Mr. Jacques, Mr. Patterson and Mr. Barrett, 
in reply to a series of questions, but through some mis- 
understanding Mr. Patterson tells me he has not put his 
report in writing, but will give us verbally theinformation 
we ask for. 
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Mr. Eckert, Mr. Sargent and Mr. Hibbard have prepared 
some statements of tests on cables actually in use in their 
respective exchanges, and we will have those papers read 
sometime during our meeting. I think, perhaps, it would 
be well for us to have Mr. Jacques’ paper read and dis- 
cussed, and I would ask that during that discussion, if 
points are raised which are covered by the reports of cables 
from either Mr. Hibbard, Mr. Sargent.or Mr. Eckert, that 
at that time the statement be made, for there would then 
be a good opportunity to read the papers in full. Mr. 
Jacques, will you please read your paper? 


Mr. Jacques read the following paper: 


‘I beg leave to submit to this Conference the following 
report of some investigations I have made as to the proper 
dimensions to be given to pole lines and cable conductors 
in order that they shall be best fitted to transmit speech 
telephonically. 

‘The experiments were made by selecting cables vary- 
ing in size of conductor, thickness of insulating coatin 
and material used for insulating. and measuring in eac 
case, the greatest length, in miles, through which good 
business conversation could be carried on. Similar ex- 
periments were then made with pole lines in which the 
size of the wire was varied, the distance it was suspended 
above the earth was varied and both iron and copper wires 
were used. 

“Further experiments were then made in which mixed 
cable and pole lines were used, varying the proportionate 
length of cable to pale line in each case, and also the posi- 
tion of the cables in the line. 

‘* Still further experiments were made by introducing into 
the lines such switchboards, magneto bells and other appa- 
ratus as is in common use. 

‘Then experiments were made upon a large number of 
underground cables, varying in length from one mile to 
one hundred miles; in resistance per mile from 2.8 ohms 
to 48.0 ohms, and in electro-static capacity per mile from 
0.11 microfarads to 0.35 microfarads, in use in France and 
Germany, and were continued upon a large number of 
cables and pole lines in our own country. 

‘ The method of experiment was to connect b varying 
lengths of cable or pole line until the greatest length at 
which it was possible to transmit good business conversa- 
tion was reached,and then to measure the electrical resist- 
ance and capacity of the circuit. 


4 


** Some of these experiments are given in tabular form 
in Tables I. to IV. to illustrate the method of experiment 
and prove the results stated later. 

‘Table I. (А and B) gives the results of some ex pis 
ments made on cables, Table II. on pole lines, Table П. 
mixed cable and pole lines. The numbers showing the 
total resistance and total capacity refer to the line 
between the terminal instruments and do not include 
the terminal instruments. I find, from these experiments, 
that the readiness with which telephonic conversation may 
be carried on over any circuit, whether made up of cables 
or pole lines, or both, depends: 


**1. On the total electrical resistance of the circuit join- 
ing together the two stations. 


“2. On the total electro-static capacity of this circuit. 

** So long as the insulation is sufficiently good to prevent 
any considerable loss of current its actual value, whether 
high or low, does not affect the readiness with which con- 
versation may be carried on. High insulation is, however, 
desirable, where two or more wires run near together, in 
order to prevent extraneous currents from leaking in and 
causing disturbing noises. 

‘< The distance over which telephonic conversation may 
be carried on being thus dependent on the resistanceof the 
circuit and on the capacity of the circuit (being inversely 
proportional to each of these) is dependent upon their pro- 
duct, and this product has a definite numerical value for 
each kind of transmitter used, being 4,500 for transmitters 
of the Hunnings type and 2,000 for transmitters of the 
Blake type. That is, the product of the total resistance of 
the circuit, between two telephones, "by its total capacity, 
must not exceed 4,500, if transmitters of the Hunnings 
type be used, and must not exceed 2,000 if transmitters of 
the Blake type be used. These results suppose the ordinary 
Bell hand telephone to be used as a receiver, but are not 
essentially varied by the use of other good forms of mag- 
neto receiver. These limits are given for good business 
conversation. It is, of course, possible for experts to get 
messages through circuits, the product of whose resistance 
and capacity is somewhat greater than this. | 

““Тһе resistance and capacity measured should be, as 
stated, that of the line between the two telephones. It in- 
cludes, of course, the resistance and capacity of any way- 
station, switch boards or call bells. It does not include the 
resistance of the terminal telephone instruments used. 
The formula applies equally well to the line whether the 
return circuit be made through the earth or through a wire 
having the sameresistance and capacity as the out line." 
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These results may be briefly formulated in the following 
rule that: | 

“No matter what may be the distance between two 
points, good business conversation may be carried on be- 
tween them, provided they be connected by a pole line or 
cable, or both, the product of whose total resistance by its 
total capacity is less than T р if transmitters of the 

Blake 
Hunnings 

“This rule is purely the result of experiment. 

'* Having thus determined the general rule above annun- 
ciated we must be able to apply it to specific cases, as, for 
example, to write a specification for a line which is to con- 
nect two cities 100 miles apart and which is to pass from 
the center of each city to the suburbs two miles under- 
ground. 

“We need, in order to do this, to know the resistance 
per mile of various sizes of wire, whether of iron or copper, 
and there are published, in various text-books, excellent 
tables giving these figures. I have, for convenience, printed 
the resistance of various sizes of iron and copper wire in 
the annexed Tables V. and VI. 

““ But we need also to know the capacity per mile of 
various sizes of pole wire when suspended at various 
heights above the earth (for the capacity of a pole wire de- 
pends both upon its size and the distance it 15 suspended 
above the earth), and we need further to know the capaci- 
ties of various sizes of cable conductors when insulated to 
various thicknesses and when insulated with various sub- 
stances (for thecapacity of a cable conductor depends upon 
its size, upon the distance it is removed from neighboring 
conductors, by the thickness of the insulating coating, and 
upon the specific inductive capacity of the particular insu- 
lating coating used). 

* Now the available data regarding capacities of pole 
lines and of cables (excepting ocean telegraph cables which 
have only one conductor, and in which the conditions are 
quite different from that of the multiple conductor cables 
used in telephony) are very meagre, and Г have therefore 
been obliged to undertake an experimental investigation 
into the capacities of wires of different sizes suspended on 
poles of varying heights, and a further investigation into 
the capacities of various sizes of cable conductors 
when separated from the neighboring conductors by 
varying thicknesses of insulating material, and when insu- 
lated with various materials differing in specific inductive 
capacity. 

‘The results are given in Tables VII., VIII., IX. and 


e 


typo be used. 
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X. Table VII. gives the capacities of wires from No. 0000 
B.W.G. to No. 18 when suspended above the ground at 
heights varying from 20 feet to 50 feet. When other 
mus are on һе poles a correction has to be made for 

em. 

©“ Of course I have not measured the capacity of each 
size of wire at each height, but I have chosen a large 
variety of sizes and heights, and having measured these, 
rile oe the remainder from these by means of the 
ormula | 


in which 

с — capacity of line in microfarads. 

{ — length of line in miles. 

h — height above the earth in inches. 

d — diameter of line in inches. 

k —the number .0496, 7 e., the capacity of such a 
1 
h 


— 


d 


culated from such wires as were actually measured. 

““ The capacity of any wire not given in the table may 
be calculated from this formula. 

* Table VIII. gives the capacities of different sizes of 
wire from No. 4 to No. 22 B. W.G. when insulated with 
successive thicknesses of gutta-percha from .01 inch to 
.25 inch and combined into cables of fifty conductors and 
enclosed in a metallic sheath. 

** Table IX. is a similar table for cables in which India 
rubber is used for insulating. 

“These tables were prepared by measuring a wide 
variety of cable conductors differing in size of conductor, 
thickness of insulating material, and kind of insulating 
material, and calculating the remaining values from the 
measured values by the formula 


wire that log. 4 = unity. This number (ЕЁ) being cal- 


c= NLI _ NLI 
28 9a+4T 
log. ^7 log. е 


in which | | | 

С = capacity of the conductor in microfarads. 

3 — average distance between centres of adjacent 
conductors. 

d — diameter of conductor. 


1 


T = thickness of insulating coating of any one 
conductor. 

L —length of conductor in miles. 

I — specific inductive capacity of insulating mate- 
rial used. 

N = the number 0.0387, $. e., the capacity of one 


mile of such a wire that log. 3,7 unity. 


س — 


d 


“ This number № is calculated from values reached by 
experiments on a large number of conductors. 

“The capacity of any cable conductor not given in these 
tables and insulated with any material whose specific 
inductive capacity is known may be calculated from this 
general formula." 
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““ТҺе tables given I have arranged so as to get as wide а 
variety as possible from the results of actual measure- 
ments. That is, a wire of measured diameter is taken, 
in a cable, and the thickness of the insulating material 
and the inductive capacity of the insulating material 
carefully measured, and from several of these lines we can 
calculate a constant to use in this formula thus enabling 
us to calculate the capacity of any other cable having any 
sized conductor any thickness of insulation, and an insu- 
lating material composed of any substance whatever, rub- 
ber, gutta-percha, paraffine. Of course the calculation of 
that constant is a check on the accuracy of the result. If 
the constant is calculated from large wires of thin insula- 
tion and compared with small wires of thick insulation, and 
agrees anywhere within reasonable limits, it shows that 
the results must necessarily be accurate and reliable; and I 
never found any error of over 15 per cent. in the extreme. 

“Having thus determined a general rule for the con- 
struction of any telephone circuit and having provided in 
the following tables, data by which the rule may be ap- 
plied, I will give an illustration by applying it to the par- 
ticular case above cited, namely, a telephone line between 
two cities one hundred míles apart, entering each city by 
underground cables two miles in length and to be worked 
with Blake transmitters. 

Line No. 14 w. 20 ft. poles. В = 7.94 x 96 = 768 ohm. 
С = .0129 х 96 == 1.171 mf. 


Cable 20 I. В. .02 inch. В —=.45х4 = 180 Ww. 
С = .93х4 = 92 mf. 

Total В — 943 w. 

* C= 2.09 mf. 


Product = 1971. 


If our pole line is not already decided on (the size 
of wire and kind of wire, and that sort of thing), we 
can simply choose somewhere in the neighborhood of 
the size of wire that it is desirable to use, and look in 
the tables and find what will be the electrical prop- 
erties of such a wire suspended at such a height, 
and if coming far within the margin of safety or going 
beyond the margin of safety, we shall have to look 
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into the table again, choose a second wire, smaller or 
larger, and again look it up. You can do the same 
for cables and multiply them out in such a way that the 
product shall not be over 2,000 if it is designed to use a 
Blake transmitter on the line, and 4,500 if it is designed to 
use transmitters of the Hunnings type. I perhaps have 
made this appear a little more complicated than it actually 
is, because I have attempted to make it absolutely thor- 
ough and scientific. But the tables are calculated out in 
such a way that any line constructor can make practical 
use of them. But what, І take it, is generally the con- 
dition that comes up is that you would have a wire 
extending, say from New York to Philadelphia, of some 
given size, perhaps a No. 12 copper wire, or a No. 14 cop- 
per wire, whatever it might be, on some particular height 
of pole, and you would want to know what size of cable 
you could conveniently use, or best use, in connection with 
that; now here, where you have half of the problem settled 
for you it isa simple thing to look in these tables and 
see what diameter of wire will be most convenient to use 
and how thickly you must insulate it if you are going 
to use paraffine, how thickly you must insulate it if you 
are going to use gutta-percha, and how thickly you must 
insulate it if you use India rubber, so as not to cut off 
conversation by retardation. 

Mr. Barrett: That is for a grounded circuit. 

Mr. Jacques: It does not matter whether it is a 
grounded circuit or a metallic circuit. The formula is 
applied to the ‘‘out” wire and it does not matter whether 
the return is made by a wire of the same size or by the 
earth. 

Mr. Barrett: In the tests on the grounded circuit, how 
much value is given to the noises on the line, which de- 
tract from the ability to carry on conversation? 

Mr. Jacques: That of course comes in. These experi- 
ments have been made in just such rooms as those where 
the ordinary noise of business is going on, and this con- 
stant, is determined in that way. 

Mr. Barrett : There are various noises on grounded cir- 
cuits due to local inductive influences which differ widely 
on different lines. 
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Mr. Jacques: This contemplates, if you can get at it in 
that way, а fairly noisy line. You will find that the pro- 
duct of resistance by capacity, through which you can 
talk, is not so very different on a noisy and quiet line, ex- 
cept, of course, when you go to extremes. It does not 
contemplate, and cannot, of course, take into account any 
extraordinary noise, coming in, perhaps, from a dynamo, 
or anything of that kind; and, of course, in any extremely 
quiet room at night it is possible for anybody to carry on 
better conversation than in the daytime. But the constant 
is supposed to be for good practical business conversation 
by ordinary users of the telephone in the ordinary condi- 
‚ tion of the lines. 

Mr. Barrett: Then, in running а line on that basis be- 
tween two cities from two central office stations, you haye 
to provide in addition whatever it seems best to provide for 
the additional work on the local circuits at the two ends. 

Mr. Jacques: Certainly. 

Mr. Barrett : That would have to bea calculated margin 
from general observation. 

Mr. Jacques : In planning a line you have got to take the 
utmost distance over which you are going to use that line 
from a subscriber on a branch line through the central 
office and over the line. © 

Mr. Barrett : Do you know how your constants com- 
-pare with Mr. Preece's proposition in the same direction? 

Mr. Jacques: I saw Mr. Preece and talked with him 
when I was in England three years ago, and also last sum- 
mer, a year ago. Iwill say that my experiments sug- 
gested this line of research to Mr. Preece. It was entirely 
a new thing. He has taken, I judge, to obtain, his result, 
not good business conversation, but the possibility of get- 
ting any conversation through, which is, of course, not 
what we want. But the general form of bis result is just 
the same as mine. Не comes to the same conclusion as I 
do in regard to the law, although his constants are dif- 
ferent. | 

Mr. Barrett: He gives a different value for wires run- 
ning through a cable from that for wires running over 
ground. He fixes a different constant. 

Mr. Jacques: AllIcan say is that from my own experi- 
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ments (and I know I have tried many wires to his one) 
that I do not find any 'such difference. 

Mr. Barrett: Does not he state that it made no differ- 
ence what kind of transmitter was employed? 

Mr. Jacques: Yes; and that of course you can all see for 
yourselves is absurd, that is, if we take for a criterion a good 
business conversation. I am inclined to think, however, 
from some experiments that I have made that it may be 
possible totransmit an audible sound, not conversation, just 
as far through a hand telephone as through a Hunnings' 
transmitter. That is merely a scientific experiment, of 
absolutely no value to us as business men. It is possible 
to get some kind of sound through it. That I found in ex- ^ 
periments on the Atlantic cable, particularly on the arti- 
ficial cable used for duplex, which has practically the same 
resistance and capacity, and is in every way electrically 
the same as the cable itself. 

Mr. Barrett: Have you found that there is any practical 
value in the quality of self-induction on a line as distinct 
from its resistance in ohms? " 

Mr. Jacques: If self-induction comes into this in any 
way I cannot distinguish it. You see this is an empirical 
formula made up by trying experiments, and it is possible 
that what I may call capacity may include other electrical 
actions, but that does not matter. | 

Mr. Barrett: Then to come back to that point of the 
quietness of metallic lines as compared with the noises on 
single grounded circuits; the figures are 2,000 for Blake 
and 4,500 for Hunnings? 

Мг. Jacques: Yes; 2,000 for the Blake transmitter and 
4,500 for the Hunnings transmitter; that is, for one wire 
between one terminal and the other. If you have gota 
return wire and wish to apply the formula to the whole 
circuit,of course your constant becomes four times as large; 
that is, your resistance is twice as large and your capacity 
is twice as large and your constant becomes four times as 
large. It means just the same thing. 

Mr. Barrett: These constants are computed from obser- 
vation on grounded circuits? 

Mr. Jacques: No; from observations of both kinds. The 
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arger number of them have been made on grounded cir- 
cuits. 

Mr. Hall: Then I understand that in applying this form- 
ula practically you compute simply for a grounded circuit 
between two defined points, and that if in practice we use 
a metallic circuit the calculations will equally apply? 

Mr. Jacques: They will apply equally well. The object 
of a metallic circuit—I know you will all differ with me, 
but this is the conclusion I have come to—is really to re- 
turn your wire so as to get rid of disturbing noises. Noth- 
ing more, nothing less. 

Mr. Barrett: Do you mean that in applying the formula 
to metallic circuits you take the static capacity of each 
wire to ground? 

Mr. Jacques: I have not got wholly through with my 
work on the amount of disturbances that other wires bring 
in. If you take the capacity of a pole line and increase it 
50 per cent. you are on the safe side for other wires. 

Mr. Barrett: The static capacity of one wire measured 
with the ground as the opposite condenser plate, and the 
static capacity of the same wire measured with another 
wire as the opposite condenser plate are two distinct 
things. 

Mr. Jacques: The end of the measuring apparatus is 
connected with a very large condenser or to earth. 

Mr. Hibbard: The condenser is connected to earth? 

Mr. Jacques: Yes; the other side of the condenser 15 al- 
ways to earth. 

Mr. Patterson: Do you measure out and back through 
the cable or through both in the same direction? 

Mr. Jacques: I did not quite get that. 

Mr. Patterson: In measuring capacity do уоп use one 
end of the metallic circuit for connection, or do you put 
both ends of the loop on that connecting point? Did you 
measure out and back? 

Mr. Jacques: No; you have got to measure simply the 
capacity of one conductor, of a pair. 

Mr. Patterson: And add the two together for a metallic 
circuit? 

Mr. Jacques: If you are going to have a metallic circuit 
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you have got to calculate everything for one wire, and 
then, in constructing, simply duplicate this wire. 

Mr. Hibbard: Then it is just added on to the first. 

Mr. Barton: Let us reduce that to figures. We have a 
line five miles long made up of two wires, of, say, 35 ohms 
to the mile, and a capacity of .25 of a microfarad. There 
is a metallic circuit of those dimensions. The .25 of a mi- 
crofarad capacity would be the capacity of one wire 
through five miles and not connected with the other. 
Now, to get the dimensions of your metallic circuit, you 
measure one of those, and whatever result you get for the 
product of resistance by capacity, you double that. 

Mr. Jacques: The resistance doubles and the capacity 
doubles; it is four times. 

Mr. Barton: Whatever result you get on one wire, you 
bring that back and multiply by four; and if that product 
is less than the arbitrary number of, вау 2,000, with the 
Blake transmitter—— 

Mr. Jacques: The product will then become four times 
as much. But in the application of that rule, you do not 
consider the question of a metallic circuit; you calculate 
it for a single circuit, so that the product of total resist- 
ance by total capacity, shall not be over 2,000. If you 
want to use that with a metallic circuit line, bring another 
wire just like it back—duplicate it. 

Mr. Barrett: You make the computation for a single 
wire? 

Mr. Jacques: Yes. 

Mr. Barton: Your arbitrary number is multiplied by 
four, and if you wanted to get a constant for a metallic 
circuit, that constant would be four times as much, of 
- course. 

Mr. Hibbard: The easier way would be to have a meas- 
urement all around, and treat them as one. 

Mr. Jacques: The simplest way is to treat that as one 
wire; design that wire so as that the product shall not be 
over 2,000, and it will work as a single circuit. If you 
want to work it as a metallic circuit, bring another wire 
back. 

Mr. Hibbard: If it is exactly like it, then, if one side 
has a resistance of a thousand and a capacity of four, and 
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if the other side of the circuit has a resistance of a thou- 
sand and a capacity of four, all around, of course you will 
have a resistance of two thousand and a capacity of eight, 
which is sixteen thousand, as against four on each sepa- 
rate circuit. 

Mr. Sargent: Is it not possible to get your calculations 
all right for a given circuit, and run an iron wire and get 
very bad results indeed, and make the same calculation, 
and run a copper wire and get remarkably good results, 
and yet the factors remain the same as you give them? 

Mr. Jacques: Not if you place your limit, product of 
resistance, times capacity. Of course, if you run from 
New York to Boston by an iron wire, and do not get good 
results, and you duplicate that by a copper wire of the 
same size, or duplicate it by a copper wire of the same 
resistance, you would not get the same results. 

Mr. Patterson: Would you get the same result, if you 
duplicate it with a copper wire, also of the same capacity? 
Mr. Jacques: You would get exactly the same thing. 

Mr. Barton: In table I A, experiments on Paris tele- 
phone cables, the length in miles is given as from 5 to 
35 miles. That means single wires. They use their cables 
in metallic circuits, but these particular experiments were 
made as upon single line, I take it, from the looks of the 
table. 

Мг. Jacques: Yes; as matter of fact, those experiments 
were made in both ways, but as they are put down there, 
yes, single lines. 

Mr. Patterson: I do not understand exactly the applica- 
tion of that toa metallic circuit. If we have two stations, ten 
miles apart, and we have a single grounded conductor, 
with a product of 2,000, it makes no difference, I under- 
stand, whether we use that grounded conductor, or use a 
similar conductor, returning, 

Mr. Jacques: Except by using a metallic circuit you get 
rid of disturbance. I don't mean to say that it makes 
absolutely no difference. If you get it down to a fine 
point, perhaps, other phenomena might come in, but it 
makes no practical difference. 

Mr. Hibbard: You have here a product of 2,000. AsI 
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understand it, this could be increased to 8,000 if operated 
as half of a metallic circuit. | 

Mr. Jacques: But we do not need to consider the con- 
stant for a metallic circuit at all. Calculate everything 
out for single wires and thén, when you come to construc- 
tion, have a return circuit. 

Mr. Barrett: As I understand Mr. Jacques he makes 
the proposition of his rule as the net result of alarge num- 
ber of experiments and observations and does not under- 
take to say that the rule can be supported by absolute 
theoretical reasoning. 

Mr. Jacques : I don't know that it would. It is purely 
an empirical rule. 

Mr. Barrett: І think Mr. Hibbard is trying to figure out in 
his mind the reason why you can use that formula both for 
a single circuit and for a metallic circuit merely by dupli- 
cating the wire for the return circuit. 

Mr. Jacques : I don't know the reason. I only know it 
as а fact. What І state here are facts which are the re- 
sult of observation. "The only theory that is introduced is 
that in order to make my tables complete, after having 
observed here and there, I interpolated to get the results 
of wires between. | 

Mr. Hibbard: And it comes out consistently? 

Мг. Jacques: Yes, the results are all consistent. 

Mr. Barrett: It is a statement of those observations 
. rather than a proposition based upon any scientific 
principle. So there is no use trying to understand why it 
15 SO. 

Mr. Jacques: No, I should say not. I should think we 
had better content ourselves with the facts. 

Mr. Sargent : Do I understand, for instance, that given 
a proposition for a single line, the product of which is 2,000, 
and you take a duplicate of that line the sum becomes 
4,000; you do not take that into consideration at all; you 
simply say, if you want a metallic circuit I take this other 
wire, which is precisely similar, and the two will give the 
same result as the one. Is that so? 

Mr. Jacques: Exactly. 

Mr. Sargent: Without regard to what the figures might 
be. The figure is arbitrary and means nothing, except 
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that the factors that produce it will give you good working 
results. 

Mr. Jacques: Yes; it is an arbitrary factor, just as is 
used in the calculation of the strength of bridges or any- 
thing of that kind. You always find a factor determined 
from experiments with some particular piece, or a large 
number of pieces, of iron, and from that you goon and cal- 
culate how large other pieces of iron must be to bear a cer- 
tain weight. As to that metallic circuit business, let me 
give you one expeirment, that was made by Professor 
Cross and myself at Rye Beach with a cable. We con- 
nected up, say a length of ten miles, and talked through 
it. Then we had a return circuit, instead of through the 
earth, by a similar circuit of ten miles. Then in order to 
see what effect the varying of the electrical qualities of 
that return circuit was going to be we made it up twenty 
miles and it talked just as well; we made it two hundred 
miles; and we finally concluded by sending it around 
through Valencia back to Rye Beach again, and it talked 
just the same. So far as talking is concerned it does not 
make any difference how you return it. Ofcourse it would 
make a difference in the disturbance on telephone lines, 
because if you had one line from Boston to New York and 
you make your return circuit of a very large copper wire 
of very low capacity around by Chicago, although you 
could talk just as well from Boston to New York, if there 
were no disturbing causes, yet the amount of disturbance 
` that would come in would be just as if there were no re- 
turn at all. 

Mr. Eckert: Suppose the first wire was iron, and the re- 
turn wire copper and the size the same; would the condi- 
tions be the same? 

Mr. Jacques: №. The product of resistance by capac- 
ity must not be over 2,000, and you can return it then 
by a similar wire or by any wire which is large enough; 
but practically for metallic circuit business you want to 
bring it back by a wire of the same specification, because 
that is the only way I know of getting rid of the disturb- 
ance. 

Mr. Hall: Applying this rule to a line, say two hundred 
miles long, of copper wire, and then constructing on the 
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same poles an iron wire, which would come within the 
limits; do I understand that the commercial results would 
be equally good? 

Mr. Jacques: The commercial result would be exactly 
the same, but you have got to use a larger iron wire and 
you have got to hang it further away from the earth and 
further away from the neighboring wires in order to get 
that result. The best practical way is to take any examples 
and look them out in the table and you will find that the 
best practical thing to use is bound to be a copper wire, 
although you can accomplish the same thing by using an 
iron wire, if you use large enough rods of it and have it 
far enough away from the earth and from other wires. 

Mr. Hall: We have between here and Philadelphia a 
No. 8 iron wire and we have a No. 16 copper wire. Would 
results according to your rule figure out anywhere near 
the same for the two wires? You can extend that, if you 
please, from Philadelphia to New Haven, making about 
200 miles. 

Mr. Jacques : No. 8 iron wire, length 200 miles. 

Mr. Hall: The average height of the iron wire is forty 
feet from the ground. Where cables are used on the line, 
of course both wires go through the same cables under the 
same conditions. 

Mr. Jacques: Then in order to make a comparative 
result between them of course you have got to know the 
specification of those cables. 

Mr. Hall : Would you if the cables were identically the 
same for both? 

Mr. Barrett: Would not the limit be the same? 

Mr. Jacques : No, this is a product of a total resistance 
from one terminal to the other into the total capacity. 
Suppose, for instance, you ran one hundred miles of iron 
wire and ten miles of cable and then besides that you had 
one hundred miles of copper wire and ten miles of cable, 
the two cables being identically the same; the capacity of 
those cables in one case is multiplied into the resistance of 
the copper wire and the capacity in the other case into 
the resistance of the iron. 

Mr. Barrett: But the resistance is the same in both. 

Mr. Jacques ; It does not happen, does it, that this No. 8 


26 


iron and the No. 16 copper have the same resistance per 
mile. If that is the case the result would be the same. 

Mr. Hall: What are the facts, Mr. Barrett? 

Mr. Barrett : I have no tables here. 

Mr. Hall: The No. 8 is Birmingham gauge and the 
No. 16 is standard gauge. 

Mr. Jacques : The No. 16 copper? 

Mr. Hall : That is standard gauge. 

Mr. Jacques : I have not used the standard gauge. 

Mr. Hall: We can give you the actual figures. 

Mr. Sargent: I can give you the resistance but not the 
capacity. 

Mr. Jacques : They are hung the same distance from the 
earth, are they ? 

Mr. Barrett : The iron wire is on the peak of the pole 
and the copper wire is on the top cross arm. 

Mr. Jacques: Then if there are no other disturbing 
causes coming in, if the cables are identical you will get a 
little better result with copper than with the iron, because 
the total product is a little lower. 

Mr. Hall: I think it would be interesting to get the 
actual figures between New York and Philadelphia for 
both the iron and the copper, and we can have the line 
connected in here and figure out just what the result 
would be under the formula, and then we can try the line 
in practice. 

Mr. Hibbard : No. 8 iron wire averages 1,500 ohms; No. 
16 copper wire averages 1,350 ohms. | 

Mr. Hall : That is inclusive of all cables, from office to 
office ? 

Mr. Hibbard: That is inclusive of everything. 

Mr. Jacques: Then you have got to know the capacities 
of the cables to add on to that, because you can see that 
the product may come in favor of one or in favor of the 
other, according to the cables ? 

Mr. Hall: Suppose we have the test made of the capa- 
city of both wires, to know exact figures. I understood 
the tables gave the capacity measurement for wires of 
given conditions ? 

Mr. Jacques: They do. 
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Mr. Hall: The difficulty in this case is that we have 
cables in. 

Mr. Jacques: You know the dimensions of those 
cables ? 

Mr. Hall; I can give you every particular. 

Mr. Jacques : You say they are 40-feet poles ? 

Mr. Hall: The poles are 45 feet and over. The average 
height of the iron wire would be, from the surface of the 
ground, about 40 feet. 

Mr. Jacques: And the length of the pole line is what, 
in miles ? 

Mr. Hall: 98.81 miles of pole line. 

Mr. Jacques: The product —without taking account of 
the cable, not knowing the actual length of the cable—is 
slightly in favor of a No. 16 copper wire; so that other 
things being equal, through it, you can talk a little better 
on the No. 16 copper wire than you can on the No. 8 iron 
wire. 

Mr. Hall: The copper wire is a little nearer to the 
ground ? 

Mr. Jacques: Yes; I have taken account of that; it is 
not more than two feet. 

Mr. Hall: The No. 16 copper wire is about five feet 
nearer the ground than the iron wire. 

Mr. Jacques: Leaving the capacity of the cable out of 
consideration, it would favor the copper wire in the pro- 
portion of 13 to 18. If you take into consideration the 
length of the cable, it narrows it down so that they come 
nearer being equal. 

Mr. Hall : The total length of the cable in the line is 
3.819 miles. | 

Mr. Jacques: The size of the conductor is what? 

Mr. Hall: The cable is divided into different sections; 
some submarine cable, some aerial and some underground. 
I can give you the exact details of each cable. 

Mr. Jacques: Of course you have got to add up all those 
resistances and all those capacities. It is just a question 
of calculating, but I will get it approximately. 

Mr. Hall: You think that with substantially four miles 
of cable as we have there, the margin of difference would 
be reduced? 
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Mr. Jacques: I should think the margin would be some- 
what reduced, and if there is no other circumstance com- 
ing in I should say that your copper wire ought to be 
rather better than your iron wire. I should like to know 
the fact about it. 

Mr. Hall: Mr. Hibbard, can you arrange to connect in 
here for us the No. 8 iron and one of the No. 16 copper, 
so that there is not in either of them any resistance from 
instruments or anything of that kind on the line, except 
at the terminal points. 

Mr. Hibbard: Using as a return, what? 

Mr. Hall: Using them grounded. 

Mr. Hall: I asked that question, Mr. Jacques, for the 
reason that I had a very strong feeling that we could not 
get anything like as good results on iron wires as we could 
on copper, no matter how we varied the conditions of our 
specifications. Illustrating that is the case of that No. 
4 iron wire which was run between Worcester and Boston. 
You know that that was put up with the idea that by using 
very large wire and getting a low resistance they would 
get а very favorable result. As a matter of fact I under- 
stand the line is so noisy as to be practically worthless, 
and that a copper line, which they have recently run be- 
tween the same points, on the same line, is working very 
efficiently. We had this fact, too, in connection with the 
fact that between New York and New Haven the old In- 
terstate lines, which were turned over to this company 
about two years ago, were of iron wires, and we never 
could get any satisfactory talk through them, whereas 
with the copper wires we got perfect results. They both 
run on the same poles and were supposed to have the 
same care. Mr. Eckert knows about the condition of the 
linein his territory. More than half the line comes into 
the Metropolitan territory, and was under his charge, and 
as I understand it, the wires were practically together on 
the poles and had the same attention. 

Mr. Eckert: After the first copper wires were put up 
the difference in the service and in the conversation was so 
marked that we said “© good-bye, iron wire.” 

Mr. Jacques: It is easy to see that copper wire has a 
lower resistance per mile, and the fact that you can there- 
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fore use a smaller wire to get thesame conductivity makes 
it a lower capacity per mile. | 

Mr. Hall; Апа in the case of the New York and New 
Haven Line of course the electrical conditions were all in 
favor of the copper wire. But the point I wish to make 
is that with perhaps a reasonable allowance for that, the 
гоп wires were absolutely worthless for 100 miles, whereas 
the copper wires were simply perfect. 

Mr. Eckert: The electrical conditions were about the 
same. The two lines of wire were on the same arm, in 
our territory, that the two copper wires were. The 
copper wires were larger in size and of course very much 
lower in resistance. 

Mr. Barton: I have heard the point raised that in a 
mixed line of cable and air line the talking is better in one 
direction than in the other ; that from the cable end to the 
other, I think, is the better. 

Mr. Jacques: The other way, I think. You talk into 
the cable and you will talk louder. 

Mr. Barton: Never mind which way it is, but it is 
better in one direction than the other, the cable being at 
one end and air-line at the other. If that should be the 
case how would that be allowed for in this formula of 
capacity and resistance ? 

Mr. Jacques : All I can say is that I have not found any 
such difference in my experiments. I have seen it repeat- 
edly quoted in books, and every time it is traced back to 
the statements of Mr. Preece of the London Post Office, 
and the authority for it is a very limited number of experi- 
ments indeed, where accidental circumstances might have 
easily come in. 

Mr. Barton : I understood Mr. George Hamilton to say 
that that was the case in a combined cable and air-line 
when worked telegraphically, and I take his statement of 
it as being probably correct, and consider that in connection 
with the statement made by the Pittsburgh people that 
they found the principle to apply іп working their cables 
and air-lines from Pittsburgh. 

Mr. Hall : I have heard the statement repeatedly made 
in New York, that the Hudson River Cable at this end of 
the line affected the talk in such a way that the transmis- 
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sion from New York was better out into New Jersey than 
from New Jersey into New York. That is, the hearing is 
better on the line end and not on the cable end. Of course 
there is another possible explanation of that. I don't 
want to get into any trouble with Mr. Eckert and Mr. 
Sargent, but it may be only fair to say that Mr. Eckert 
takes care of the New York end and Mr. Sargent of the 
New Jersey end. 

Mr. Eckert : That has been our experience, as Mr. Hall 
explained it. 

Mr. Sargent: That is the state of affairs, but whether 
the difference is due to the quietness of the country and 
the noise of the city I don’t think has ever been satisfac- 
torily determined, so that I never feel altogether sure that 
that experiénce demonstrates the rule you speak of. 

Mr. Barrett: There is this to say about Mr. Hamilton’s 
observation: that telegraph work is so much more absolute 
than telephonic work, and the observations made on tele- 
graphic instruments would be so much more definite and 
decisive than observations made telephonically, that his 
experiments would perhaps be more conclusive of princi- 
ples than results deduced from telephonic experiments 
alone. 

Mr. Jacques : They are conclusive so far as pertains to 
telegraphy, but that is not what we are talking about. 

Мг. Barrett: In a delicate and rapid apparatus depend- 
ing upon speed as much as upon strength of current, why 
would it not be an analogous case operating under the 
same laws ? 

Мг. Jacques: It may perhaps be generally analagous, 
but it would not be at all safe to draw conclusions for 
telephone cables from experiments made with telegraph 
Instruments. 

Mr. Barrett: И it was consistent with general observa- 
tions telephonically, it would have its weight. 

Mr. Jacques : Yes, I am only giving the results of my 
experience. 

Mr. Hall: I propose to be very cautious in suggesting 
electrical hypothesis in this distinguished company, but I 
want to offer one in this connection. It seems to me that 
there may be a posibility that the retarding effect of the 
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cable being at the sending end of the line, you get the 
benefit there of the full strength of your transmitting 
current, whereas coming from the distant end of the pole 
line it suffers whatever loss there may be in transmission 
to the cable, and then enters the cable with very much 
diminished force. I am perfectly willing to be knocked 
over. 

Mr. Jacques: If I were going to reason this thing out 
in a purely theoretical way I would look at it in the way 
you do, and I suppose that would be the case; but I only 
say I have not found it so in my experiments. 

Mr. Eckert: Mr. Sargent will bear me out in reference 
to the service working better from one direction than from 
the other, in submarine cables. 

Mr. Hall: 1 do not think there is any doubt, Mr. 
Jacques, that the fact exists that transmission from New 
York is better than transmission into New York; I do not 
believe it is due to any difference in the condition of the 
instruments at the transmitting end. It is a statement 
which is made very generally. I have noticed it in my 
own experience using the line. | 

Mr. Hibbard : Everything is ready now on this line. 

Mr. Hall : Gentlemen, the line is connected from Phila- 
delphia on a No. 16 copper wire. 

(А few minutes here were spent in testing.) 

Mr. Jacques: Just to get atit approximately with these 
cables, I have assumed that the insulation, India rubber, 
is nine-thirty-seconds of an inch thick. Assuming these 
figures, the product of resistance by capacity of the iron 
wire is 4656; the product of resistance by capacity of the 
copper wire is 3937. They are both near the limit; the 
iron is a little beyond and the copper is a little below. 

Mr. Hall: I think it would be well enough for those who 
tried the experiment to state their conclusion as to the 
working of the No. 8 iron wire, the No. 16 copper wire 
grounded, and the No. 16 copper wire in metallic circuit 
with a return couductor of the same size. Will you com- 
mence, Mr. Jacques? 

Mr. Jacques : Over the iron wire I asked the operator in 
Philadelphia one or two questions that he would easily get, 
and then I asked him what the price of coal was, and one 
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or two questions that he would not so easily get, and he 
did not get everything that I said to him. Then on the 
copper wire, I repeated it in practically the same way, and 
I think once I had to repeat, but I made him understand; 
I talked to him without difficulty. 

Mr. Hall: Did you try the metallic? 

Mr. Jacques: With the metallic circuit I talked much 
more readily than on the single wire. In the case of 
grounded circuits, the line was noisy, and with the metallic 
circuit it was quiet. 

Mr. Hall : You tried the experiment, Mr. Eckert? 

Mr. Eckert : Y received better results from the iron wire 
than I did from the copper. 

Mr. Hall : Were you sure that you had the iron and the 
copper properly distinguished? 

Mr. Eckert: The iron wire being the second wire, I 
asked Mr. Sargent if it was iron, to satisfy myself. I had 
a clearer conversation with the iron than with the copper. 
With the metallic circuit it was perfect —quiet. 

Mr. Hibbard : How about a comparison of the amount 
that you heard, that is the intensity, the articulation, and 
all that you could hear? 

Mr. Eckert: It was all in favor of the iron wire. 

Mr. Hibbard : It was in favor of the last experiment? 

Mr. Eckert; Oh yes, the metallic circuit, infinitely. I 
heard no disturbances of any kind on the metallic circuit. 

Mr. Hall : Mr. Sargent, what was your experience? 

Mr. Sargent : On the iron wire the talking was very in- 
distinct and muffled. On the copper wire it was louder 
and more distinct, so that I could carry on conversation 
without any great difficulty on the copper wire, but with 
difficulty on the iron wire. With the metallic circuit there 
was no disturbing noise on the wire whatever, and the 
conversation was perfectly clear and distinct. 

Mr. Най: Do you think the difference in transmission 
on the metallic circuit was due only to the absence of 
noises ! 

Mr. Sargent: I think the difference between the copper 
wire and the metallic circuit, leaving out of account the 
noise on the wire, is slight in respect to the volume of 
sound. There is not the precision in either of the grounded 


33 


circuits; there is not that clearness of articulation that 


there always is in a metallic circuit. 

Mr. Barton: I would like to put the question this way: 
Which, if any of these conditions gave us a commercial 
telephone conversation ? I would like to have that a part 
of the answer as we go along ? 

Mr. Hall : Then we will ask that question of those that 
have already answered and then continue, Mr. Sargent ? 

Mr. Sargent: І am accustomed to talking over some 
bad wires, which I consider good working wires commer- 
cially. Iimagine that my standard might be considerably 
lower than some others. 

I am putting my standard at the grounded copper 
wire. That leaves the iron wire out entirely. I should 
say that the iron wire was the worst, and the 
grounded copper circuit is commercially a practical wire. 
Of course, with the metallic circuit and the extraneous 
sounds entirely removed you are so much the better off. 

Mr. Hall: Mr. Eckert, what is your conclusion as to 
Mr. Barton's question ? 

Mr. Eckert : We are doing an immense amount of busi- 
ness in New York through poorer wires than either of 
those grounded wires, and if we could have an average of 
service in New York to-day commercially through our 
wires, as good as I got that test through either of those 
grounded wires we would be very much better off. Of 
course, there is more or less disturbance in the grounded 
circuits. When it came tothe metallic circuit, that was 
perfect, because there was no noise. I remarked to the 
operator: ** It is perfectly quiet,” and he said ‘‘ Yes, it is." 
He heard me in almost a whisper. 

Mr. Hall: I believe we have Mr. Jacques’ answer al- 
ready. 

Mr. Jacques ; I should say, in the way that I am used 
to classifying, the metallic circuit was very good business 
conversation; the grounded copper wire was on the bor- 
der, and the iron not good at all? 

Mr. Barrett: I have wanted to inquire whether the standard 
for commercial conversation which Mr. Jacques has fixed 
is one that he has fixed from his own personal view of the 
matter, or with any relation to what actually in practice 
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is regarded as a good standard; аз Mr. Eckert says, they 
are talking over worse wire in practice than these are, and 
yet the iron wire is outside of Mr. Jacques’ fixed limit. 

Mr. Jacques: No, it is not personal in any way. The 
way we experiment is usually to have people who are not 
experts ask questions involving the use of commercial lan- 
guage, and we call it good business conversation where a 
conversation of that kind can be carried on without fre- 
quent repetition. 

Mr. Barrett: And yet, commercially, the actual stand- 
ard seems to be below that. 

Mr. Jacques : That is, it would be possible to do busi- 
ness over poorer lines. 

Mr. Barrett : Business is done over poorer lines. 

Mr. Jacques : Of course. 

Mr. Hall: Mr. Patterson, will you give us your view 
now as to the results of the experiments that you tried? 

Mr. Patterson: I don’t know the order in which they 
were placed. I thought that the first one that I talked 
over was the poorest, and the last one was much the best. 
The last one I should call good commercial conversation; 
the first one is rather doubtful. 

Mr. Hall: Probably the last two were the copper wire 
grounded and the copper wire in metallic circuit. 

Mr. Hibbard: Yes, they were. 

Mr. Patterson: I know the last one was the metallic 
circuit, because it was so quiet. 

Mr. Hall : Mr. Barton, will you state your conclusion? 

Mr. Barton : The talking over the iron wire I call very 
hard; that over copper wire a little better, but still hard. I 
am surprised to find that business is done successfully 
over wires that work no better. The metallic circuit 
seemed to me to be very good indeed. I got good conver- 
sation with the metallic circuit. 

Mr. Hall: Of course you understand that in practice we 
use metallic circuit only. 

Mr. Barton: I understand so. 

Mr. Jacques: I would like to say that these calculations 
of course are approximate, and I would be very glad this 
evening to go over them in detail, taking the exact size of 
each conductor and the thickness of each insulation and 
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calculate it out exactly what the results would be and 
send them in to-morrow. 

Mr. Hall: I think that would be interesting, but really 
the whole discussion has wandered a little bit from our 
direct subject, perhaps. Itcame up, however, asa practical 
application of your formula, and perhaps for that reason it 
would be well to work it out and give an exact result. 
Mr. Barrett, will you give your conclusion as to the test? 

Mr. Barrett: It seemed to me that I could distinguish a 
difference between the iron and copper grounded, 
in favor of the copper; but I have been required to do 
business over lines, as Mr. Eckert says, that gave worse 
results than either, and I have known very frequently of 
other people getting their daily service under no better 
conditions certainly than the iron wire. The metallic 
circuit of course was free from trouble. 

Mr. Hall: You censider then, in answering Mr. Barton’s 
question, that commercial service was given in all three 
cases? 

Mr. Barrett: Yes; if the standard of what actually is 
furnished on the local circuits in the city is to govern. 

Mr. Eckert: Y would like to ask Mr. Sargent if his ex- 
perience every day in commercial business with his sub- 
scribers is not substantially as I put it? 

Mr. Sargent: Yes; our subscribers are daily using wires 
that do not work as well as either of those two grounded 
circuits. If I should make my standard on the same basis 
that Mr. Jacques makes his as to commercial efficiency, I 
should say that the metallic circuit was the only one ofthe 
three that was commercially a success. At the same 
time we are working wires that are worse than any one of 
the three. 

Mr. Barrett: I know of one instance in Brooklyn where 
the subscriber works almost exclusively between Brooklyn 
and New York. This line has recently been run up through 
a cable to the office,and the cross-talk from one of the neigh- 
boring wires is quite as strong as the direct transmission 18 
between themselves and New York; but yet they are 
doing their business that way every day. I don’t think 
they have made any complaint to the office. 

Mr. Sargent: No; that would come out in my report of 
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the Brooklyn cables. The wonderful patience of the sub- 
scriber! 

Mr. Hall; Мг. Thayer, will you give your conclusion? 

Mr. Thayer: I did not listen. 

Mr. Hall: І think that all except myself have given 
their conclusions. My own judgment about the matter 
was that the metallic circuit only gave a result which was 
fairly a commercial success. I could hear on both of the 
grounded wires—with the copper wire fairly, with the 
гоп wire only by frequent repetitions, and with great 
difficulty. Judging, however, by the working standard of 
commercial results which has been suggested as the 
standard for this locality, I think that either one of the 
wires was better than the average line running into New 
York City. 

Mr. Barrett: I ask Mr. Barton what the situation in 
Chicago is upon that same basis? 

Mr. Barton: I have had very little experience talking 
over out-of-town lines in Chicago. The only attempts I 
have ever made have been, with Milwaukee; and talking 
between Chicago and Milwaukee, the results vary so much 
from. day to day that it is hard to generalize. I have 
talked with Milwaukee when I think the result was 
better than with either of the two grounded wires, but I 
think never when the result was as good as with the copper 
wire in metallic circuit. 

Mr. Hall: That is a very important fact in connection 
with the use of a telephone on long lines. With grounded 
circuits there are times and days when, under the most 
favorable conditions of line construction, transmission is 
extremely difficult. Our experience in the use of a metallic 
circuit, however, has been that the work is uniformly 
good. It never occurs to us to make allowances for any 
disturbing conditions. I do not know in practice that we 
notice any difference between stormy days and clear days, 
or summer weather and winter weather. 

Mr. Hibbard: No, sir; we do not. 

Mr. Barrett: If local subscribers in Chicago were asked 
to do business under such conditions among themselves, I 
suppose they would complain. 

Mr. Barton: I am not familiar with any local telephone 
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exchange work in which such a result as that over those 
grounded lines would be considered satisfactory. I do not 
understand that you mean that here in New York with 
the local work it would be considered satisfactory. 

Mr. Eckert: Oh no, not satisfactory of course; but we 
are compelled to do commercial business over wires, and 
an immense amount of it, that are not as good work- 
ing wires as those; that is to say, from Harlem to the 
Stock Exchange; Thirty-ninth street to Brooklyn; Harlem 
to Brooklyn. 

Mr. Barton: That is not your general service? 

Mr. Eckert: That is not general; those are exceptional 
cases. As І answered the question, we are doing an im- 
mense amount of business in New York over wires not so 
good as those two grounded wires. 

Mr. Sargent: That is the way I wanted to be understood 
in reference to our business. 

Mr. Davis: As I understand this discussion, it is to test 
Mr. Jacques’ formula as to what is a good talking wire. 
If I understood your statements, what is objected to 
on the grounded circuit is the noise, and nothing else. 
In other words, you have not objected to it on ac- 
count of the resistance or retardation. If you had tried 
them at night time, when there was no noise on the other 
wires, would there have been good talking ? 

Mr. Jacques : Let me explain what we have already done, 
I read this account of some experiments thas I had already 
made, and gave a generalrule with some tables, following 
which we would be able to construct a line between Boston 
and Philadelphia, or any two points; following which we 
could choose the size of wire, the proper thickness of insu- 
lation, the proper kind of insulation, and the proper height 
of poles before we start out to run a line, and know that 
it would talk and talk just so well. Then I figured out 


for two wires which they chose here, what it should be, : 


and I found from my figures that one of the wires ought 
not to talk commercially; another ought to be just on the 
border line of commercial conversation; and then they 
tried those two wires, and the discussion now is as to how 
they talk. 

Mr. Davis : If I understand the formula, it simply refers 
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to the question of retardation and the question of resist- 
ance, and does not refer to noise on the wire. 

Mr. Jacques: It is purely an empirical formula, from ex- 
periments made on a large number of lines, fairly noisy, 
just as people use them. It takes account of average | 
wires; it does not take account of extraordinary occa- 
sions. 

Mr. Hall: It is supposed to apply to ordinary working 
conditions. 

Mr. Davis: А noise on а wire in New York is one 
thing and a noise on a wire in Boston is another. I do 
not see how any formula is going to take that into con- 
sideration. The noise on the wire in every city is dif- 
ferent. 

Mr. Hall : In this case, however, it is simply a question 
of pole line and cable, because we do not get any Philadel- 
phia noises, or any New York noises, on any one of these 
circuits. It is practically a country line. 

Mr. Barrett: Mr. Jacques said that he used the same 
formula on a single circuit and a metallic circuit ; the 
copper wire in this test is right on the border of commer- 
cial conversation, by the formula, returning by a duplicate 
of that line it is very far within the border. Should not 
some other element be taken in? That element, of course, 
is only the noise on theline. That would have to be ac- 
counted for outside the formula. 

Mr. Jacques: Yes, but you lose sight all the time of the 
fact that this is all purely practical work. Now, if you 
are going to build a line from here to Philadelphia, you 
would use a metallic circuit, and that formula would ар- 
ply. If you are going to build a line out for a few miles, 
you would use a single wire, and the formula would apply 
there. You would get good commercial conversation 
within those limits. When you get very long lines you 
introduce extraordinary noises; therefore, you use a me- 
tallic circuit and get rid of those noises. 

Mr. Barrett: The formula for a metallic circuit brings 
it up close to the border line of commercial possibility, and 
yet it is apparently а good ways inside of that. 

Mr. Jacques: Those experiments have been classified as 
good commercial conversation. 
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Mr. Barrett: That is close to the limit? 

Mr. Jacques: That is close to the limit. It is 3,937, 
while the limit is 4,500; not close to the limit, but approach- 
` ing it. | 

Mr. Barrett: Then the local noises on the line would 
have to be taken account of as an outside matter, indepen- 
pent of the formula. The formula is independent of any 
noise there may be on the line. 

Mr. Jacques: Notat all. You calculate this line by this 
formula. If it is а very noisy line, then you have got to 
use a metallic circuit. | 

Mr. Barton: Let me enquire whether it is undoubtedly 
the fact that the elimination of noise, of extraneous noise, 
is the only beneficial result from using a metallic circuit. 

Mr. Jacques: That is my belief. 

Mr. Davis: Mr. Jacques, the point that I wanted to 
make was this: It was not as against your formula; that 
I know nothing about; but as I understand it, the elements 
which enter into your formula are simply the resistance 
and its capacity. Of course, then the question of noise on 
the line is not an element in your formula. 

Mr. Jacques: Except that this formula is an outgrowth 
from experiment, and these experiments were made upon 
lines where there was noise. It is a conclusion from 
them. 

Mr. Davis : There is no letter representing noisein your 
formula? 

Mr. Jacques: No. 

Mr. Davis: You have just tested three lines from here 
to Philadelphia—tested them in the day time. I have not 
heard any of these gentlemen in their criticism of those 
lines speak of either of the two grounded circuits as being 
faulty in any other respect than that of noise; so that it 
does not seem to me that that is in any way a test of your 
formula. 

Mr. Sargent : I think you will find that I noted that the 
talk was muffled and indistinct. 

Mr. Hall: In my statement of my observation of the 
tests I did not intend to convey the idea that the effect of 
noise was the only thing which rendered the transmission 
imperfect. І do not think I said anything about the noise 
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оп the lines, but I said that the transmission on the iron 
wire was very poor, and on the copper grounded wire 
better, and on the metallic circuit perfect. 

Mr. Davis: You all compare them with short New 
York lines. Most everybody when they got through had 
something to say about comparing a circuit as between 
here and Brooklyn, for instance, which shows that it was 
noise and not the question of resistance that you had in 
mind. 

Мт. Barrett: I think it is generally accepted to be true 
that the main advantage of a metallic circuit is merely to 
clear the noise out; that the electrical conditions of trans- 
mission are quite similar. 

Mr. Barton : 1 should be inclined to say from what I 
heard just now that the metallic circuit was not only clear 
of noise, but the articulation was better and louder. I 
should be inclined to say that from what I have just 
heard. 

Mr. Barrett: A good way of estimating the effect of 
interfering noises 15 to recall what every one has observed— 
the distinctness and prominence of slight sounds in a 
house amidst the prevailing quietness of night time. 
Those same sounds and much louder sounds are occurring 
in the day time amongst other noises without impressing 
you at all, while at night they would stand out by them- 
selves clear and distinct and absolute. In the case of a 
single circuit line I suppose it would be possible to hear 
the one-hundreth part of a conversation if there were no 
other noise on the line. We observe this in theamount of 
interference that we get from cross-talk on metalic circuits. 
the line is so absolutely quiet that the least disturbance 
from external sources in the way of cross-talk is apparent, 
and you can not only hear that some one is there talking, 
but you can understand what he is saying, when by any 
method of computation the volume of the sound may not 
be the one-thousandth part of anordinary conversation. I 
have been talking, for instance, on the line to Philadelphia, 
and have overheard the conversation on the line to New 
Haven, where the only association between the two circuits 
was in acable from the switch board to the roof; and I 
have carried on conversation across that space, thore being 
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no other noise on the line. The introduction of the 
slightest noise in such acase in the shape of a partial 
ground or anything of that kind, cuts it all away so that 
you cannot distinguish anything. 

Mr. Най: I suggest that we now adjourn for lunch, and 
invite you to accompany me to the Astor House. 


AFTERNOON SESSION. 


Mr. Hall: Later in our session to-day or to-morrow 
morning, we will have some additional practical tests of 
the application of Mr. Jacques’ formula. Now I will, at 
Mr. Barrett’s request, read the paper which he has pre- 
pared in answer to the following letter: 


SusJEoT: Conference—Cables for: Telephone work. 


AMERICAN TELEPHONE AND TELEGRAPH Co., 
| EXECUTIVE OFFICE, 
18 CORTLANDT STREET. 
Dictated. 
New York, August 23, 1887. 
JOHN A. BARRETT, ESQ., 
Electrician, 

DEAR SIR: 

I desire to have, about Sept. 1st, a conference here in 
relation to cables for telephone work, and should like to 
have you present and submit*in writing your views on the 
following questions: 

1. Have you sufficient data from which to prepare such 
standards ? 

2. If not, what is lacking and how can it be obtained? 

3. If you have sufficient data, please formulate a 
standard in terms adapted for practical use in ordinary 
cables. 

4. In connection with and in explanation of this 
standard please give practical illustrations of its use by 
taking a series of cables such as are required in connection 
with exchange and trunk line systems. 

5. In considering the requirements of the telephone 
business it must be remembered that with the introduc- 
tion of long trunk lines there is an increasing demand for 
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metallic circuits. Are the cables now being generally 
En adapted for metallic circuit use, and if not, 
why ? 

à The large number of cables of different specifications 
connecting with the otfice of this company in New York 
afford facilities for the practical demonstration of 
theoretical propositions, and it is desirable to make 
arrangements as far in advance as possible for such cable 
connections as may be desired for this purpose. 

Yours truly, 
EDWARD J. HALL, Jr. 
General Manager. 
FRY. 


“ NEW YORK, Sept. 6th. 
“Mr. Е. Г. HALL, Jr., Сеп] Manager, 
* Am. Tel. & Tel. Co., 18 Courtlandt St., N. Y. 
©“ Dear Sir: 

** In response to your letter of August 23d upon the sub- 
ject of ‘Cables for telephone work,’ I desire to make a few 
general observations before answering categorically the 
questions you have proposed. "These general observations 
are mainly for the purpose of getting the conditions of the 
subject upon the basis of somewhat definite statement in 
the form and manner in which they lie in my mind. 

“The general term induction which iscommonly applied, 
rather loosely, to any of the several inductive relations be- 
tween cable circuits should, to begin with, be distinguished 
in use in at least two specific directions. "There is the in- 
duction of interference and the induction of retardation. 
The first is а matter of disturbance from outside active 
sources; the second is a matter of loss due to a complica- 
tion of internal conditions and external relations. Cross- 
talk is a very desirable term to use in referring to the in- 
terference from the use of neighboring telephonic circuits. 

“ Retardation may be followed out through the various 
conditions of self-induction according to the material, form 
and size of the conductor; the actual working conditions 
of the terminal instruments, and the static and kinetic re- 
lations of the circuit in question with the elements which 
constitute its inductive field. 

““ But cross-talk and retardation are the two terms 
which it will be most helpful to make distinct, since it is 
under these two that the conditions of telephone work in 
cables divide themselves. 

** Cross-talk and retardation are the two objectionable 
features in cable work. If the matter of expense were 
out of the question, the description of a cable could readily 


45 


be made up in which the cross-talk and retardation of the 
circuits would be practically done away with. 

“ But as this result would be accomplished mainly by in- 
creasing the cross-section of the conductors, and by adding 
to the thickness of the separating medium, observing only 
a due proportion between these two elements, the bulk and 
РОО of such a cable would make it impracti- 
cable. 

`* In considering whether there are any other means of 
relief from the difficulties of the case, it seems to me that 
for the reduction of retardation in cables there is noe 
else to do except to increase the size of the conductors an 
the distance of separation from other conductors. This 
means wauld also have a favorable effect on cross-talk. In 
the matter of reducing cross-talk between the conductors 
of grounded circuits this same increase of dimensions is 
the principal reliance for the purpose. Something may be 
done in addition towards diffusing the cross-talk, so as to 
make it somewhat less troublesome in any particular case, 
by more or less systematic re-arrangements of the rela- 
ane of the conductors through different sections of the 
cable. 

““Аз to induction sheaths and so-called induction killers, 
they all, so far as my observation goes, act to the 
serious increase of retardation, at the same time that they 
to any extent reduce cross-talk. This class of helps, there- 
fore, appears to be worthy of little consideration or use,ex- 
cept pe for some special occasions. 

‘‘ As to grounded circuit cables then, the question has , 
but two leading sides; the expense and bulk that can 
commercially be undertaken on one side, and the amount 
of trouble from retardation and interference which can be 
endured on the other, with some moderate degree of real 
help to the cross-talk from distributiug any local trouble 
over as much as practicable of the whole system. 

** In metallic circuit cables the question assumes other 
conditions so far as regards cross-talk, for the reason that 
it is easy in the construction of cables designed for metallic 
circuit use to group and arrange the respective branches 
of the several circuits, so that cross-talk will be 
. for all practical purpose completely neutralized. But in 
respect to loss by retardation, or, in other words, in 
respect to the transmitting efficiency of metallic circuits 
within cables, tlie same conditions as in grounded circuit 
cables, namely, increase in the size of conductors and in 
thickness of separating material, must be looked to as the 
only means of advantage. 

* As to the description of cables for temporary use on 
grounded circuits, with the design of ultimately convert- 
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ing them to metallic circuit use, it will be seen that so far 
as retardation goes the conditions of the two classes of ser- 
vice are practically the same, and to be successfully met only 
by providing ample transverse dimensions in the cables; 
while the conductors should be so laid out that they may 
be subsequently paired off under whatever system is found 
most desirable for metallic circuit work. To recapitulate 
those general propositions before undertaking to attach 
them to specific statements, the transmitting efficiency of 
any class of cables is to be increased chiefly by increasing 
all the dimensions of cross-section. The cross-talk of 
grounded circuits is to be handled only by a frequent 
breaking up of the order of conductors and a rearranging 
under different relations. The cross-talk in metallic cir- 
cuits may be held in absolute abeyance by certain methods 
of grouping in pairs. 

‘In taking up the dimensions which should be specified 
for telephone cables, it seems apparent that the chief con- 
sideration is that of transmitting efficiency, while the 
special appliances for checking cross-talk should be re- 
quired to make the best of the conditions thus determined; 
and the question arises as to whether it is desirable to 
have several standards for cables adapted to different 
kinds of telephone work. 

** In another form the question is, are there in fact sev- 
eral classes of telephone work? This is not so much an 
electrical as a commercial question in view of the existing 
and possible conditions of the business. In the exchange 
service of the larger cities, there probably should be but 
one standard, since every circuit must be ready to work 
with connections which require all the conditions to be up 
to the highest possible standard. If in the interests of the 
general economics of the system it is thought that trunk 
lines, as being most in use and fewer in number, should 
have a higher standard than subscriber circuits, I believe 
the difference should be made by going on beyond in the 
same direction, rather than by in any degree cutting down 
the subscriber's circuits in favor of the trunk lines. 

““ As to the requirements of cables in smaller cities and 
towns, the question is whether it is not generally the case, 
or if not, whether in the near future it will be so, that the 
highest standard of carrying capacity must be provided 
for. As before stated, it is chiefly on one side a matter of 
expense, and on the other the needs of the business for 
the present and for the expected developments of the 
future. 

“It would be my preference to have one standard of 
cable dimensions, as we have one standard of telephone 
receiver and of transmitter coil and of bell and ringer, for 
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all regular exchange work, and this standard for. cables I 
would have made upon the basis of a determined size of 
conductor, and outside diameter in inches of its insulating 
covering. These two dimensions would fix the resistance 
of the conductor, and its static capacity for any given 
dialectric. The number of wires to be cabled together for 
any location could also be readily calculated. 

‘‹ What these dimensions should be I regard as the open 
problem to be worked out to a final statement through a 
full and general series of tests and observations with the 
assistance of what is known of the scientific principles 
which apply to the subject. If it should be regarded as 
advisable from a business standpoint to have more than 
one standard of dimensions for different conditions of 
work, these conditions may be stated and the standards 
produced in the same way. 

** In considering the means for controlling cross-talk— 
first in metallic circuit cables, the common and effective 
way is to twist the insulated wires together in pairs, and 
then to cable the pairs. Metallic circuits thus made up are 
regarded as almost perfectly neutral to each other. 
Another mcthod of neutralizing the cross-talk is to lay up 
the cable in regular runs in the manner which is well 
known in connection with kerite cables. In this case 
there is no troublesome degree of interference between 
wires running in ditferent layers in the cable, and most of 
the interference so far as metallic circuits go, lies between 
such wires as are contiguous to each other in the same 
layer. This interference is readily obviated by the same 
method of transpositions as is in use on the metallic cir- 
cuit polelines. А cable thus arranged occupies rather less 
space, and probably would cost somewhat less than the 
twisted group cable. It would, however, require niore 
care in tracing out and connecting up the lines in the pre- 
scribed order. 

** Cables laid up in either of these ways could be used as 
grounded circuit cables, and the relations of the various 
‘wires could be broken up at splices and section boxes, 
for the purpose of scattering the cross-talk. But it would 
be necessary to have access to these points of change, in 
order to alter at any time the arrangement, according to 
the class of service required. A method of connection, 
which would require no change in passing from grounded 
to metallic circuits or back again, Mr. Hibbard has, I 
believe, been engaged in elaborating. 

** In particular, on this topic, I am not prepared to state 
finally, the preference between these methods. But, in 
in case of not using the twisted pairs, I should always lay 
up a cable in the regular runs, as above described, for in 
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this way the circuits are in much better shape to handle 
for cross-talk, both in single and in metallic, than if cabled 
up їп a bunch, all spiraled in one direction. This brings 
me to the answer to the questions of your letter, so far as 
I feel able to answer them. 


‘1. I have not sufficient data from which to prepare 
absolute and final standards for cables. 


“2. There is lacking consecutive and uninterrupted work 
on the subject, such as could best be prosecuted by the 
collaboration of two or more experts. 

'* 8 and 4. In view of the above, these do not call for 
further answer. 


“5, I do not think that cables are now being generally 
adapted to metallic circuit use, for the reason, as I suppose, ` 
that the probability or possibility of a general employment 
о DE circuits, is not generally considered or appreci- 
ated." | 

Respectfully, 
JOHN A. BARRETT, 
Electrician. 


Mr. Barton: Mr. Hall, I was looking all the time for 
something a little more definite to come there, so I have 
not fully taken in the degree of definiteness that there is. 
I should like for myself to hear the last part of that over 
again, say from the point where he speaks of the method 
of connecting up cables. 

(Mr. Hall again reads a portion of the paper, commenc- 
ing: “In particular on this topic," &c.) 

Mr. Hall : This brings us really down to the definite 
question as to what size of conductor, what thickness of 
insulation, or what sort of cable we ought to use in con- 
nection with our telephone exchanges; but it brings us to 
it rather by asking the question than by suggesting some- 
thing. | 

Mr. Barton: I was in hopes Mr. Barrett would say 
something definite in regard to the size of the conductor 
and the thickness of insulation; that is, within limits. If 
his mind is not made up I suppose he cannot do so. 

Mr. Jacques : In the first place, Mr. Barrett has got ап 
immense amount in only a few words. If he had been a 
little more diffuse perhaps it would have been a little 
clearer; but I thought he did say that it required further 


47 


work to determine what would be really the best size of 
wire and the best thickness of insulation. 

Mr. Barrett : The proposition, it seems фо me, is just 
this. The very important question comes up, independent 
of what may be determined in respect to the formula, 
whether, in the first place, you have any object in having 
more than one kind of a cable, whether you should not 
fix upon one dimension of conductor to be used for tele- 
phone work, for general exchange work. When you have 
determined that, then, by the use of the formula, in 
connection with what further observations may be nec- 
essary to make it of real use, it will be a comparatively 
brief and simple matter to make a statement of the 
dimensions. I am not prepared to make any absolute 
statement of figures on the subject. 

Мг. Jacques: Would not the objection be to that, that 
the specification of a cable would have to have so very low 
a resistance and so very low a capacity that it would not 
be at all economical to use it for all purposes. 

Mr. Barrett: That is a question, whether you are going to 
divide off the business of telephoning into classes and hold 
each subscriber within his own class of business connec- 
tions. If the business looks ever to the doing of local work 
between cities, where a local subscriber in New York will 
be required to talk with a local subscriber in Philadelphia, 
as they have a chance to do now but cannot do very well, 
because they are below the standard of long-distance ser- 
vice, the question is whether you have not got to bring 
every element of the service up to one standard, amd if 
they talk so much the better amongst themselves they 
will not be likely to complain. 

Mr. Jacques: It seems to me that would be decidedly 
the thing to do if we had not got to consider the expense. 

Mr. Barrett : Whether you are going to divide them into 
classes by themselves and say that because the business is 
80 expensive they cannot be given the opportunity to talk 
freely among themselves between Philadelphia and New 
York—and let them talk a little if they can, and not if 
they cannot—as soon as that is settled it becomes an easy 
matter to figure up, according to Mr. Jacques' formula or 
otherwise, what specification will cover the ground. 


48 


if уоп do choose to divide off the subscribers into 
classes and say they shall be practically restricted to 
the service thev get within their own class, then all 
you have to do is to decide upon the different classes 
you choose to keep them in, and fit them out according to 
the same proposition, with conductors and arrangements 
that will fill the bill for them. І say it is a matter of gen- 
eral propositicn now, entirely. It is more a matter of com- 
mercial proposition than it is electrical; because if Mr. 
Jacques' formula is all right, use that; if not, improve it 
and use something else. But the proposition to be deter- 
mined first is what you want to do from a commercial 
standpoint. 

Mr. Hall: Is it not, however, true, Mr. Barrett, that if 
we make a cable which is good, thoroughly good, for local 
exchange work, the leugth of that cable in any ordinary 
exchange, in relation to the length of the trunk line in 
connection with which we may want to work it, is so 
small that it is not necessary to construct that short local 
cable according to the specifications which we might use 
for our main trunk line? 

Mr. Barrett : According to the specifications which you 
might use for the main trunk line cable—why not? When 
you get it connected up with the main trunk line cable 
does it not form just as absolute and definite and ultimate 
a part of the whole as any one of the main trunk line 
cables does ? Suppose a subscriber works through a local 
cable half а mile long from a central office and you 
have a cable half a mile long, does not that local cable 
play just as much of a part in the whole proposition as 
any one half-mile of cable in the main line? 

Mr. Hall : In anyone specific case; but in constructing a 
cable to be put in as part of our main trunk line system, we 
may, in one case want to use it between New York and 
Philadelphia and in another case, between Philadelphia 
and Boston, and in another case, perhaps between Boston ` 
and Washington, or some more remote point. Now, hav- 
ing provided a cable which is good enough to answer for 
our extreme uses, could we not use in connection with 
that locally a cable of very much smaller dimensions, 
more cheaply constructed, thoroughly well adapted to local 
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work, the length of which would be so small as against 
the main trunk line that while it might possibly reduce to 
a trifling extent the efficiency of our through service, it 
would not to a thorcughly commercial extent. 

Mr. Barrett: Yaking without question Mr. Jacques’ 
formula just as it stands, the trunk line from here to 
Washington (if your business would stand the specifica- 
tions) would be figured out on the inside basis of 4,500 for 
a constant for Hunnings’ transmitters; and the specifica- 
catiods would have to be drawn up according to those 
figures, with enough allowed for what you would call the 
margin for local work. Now, if the subscribers in the 
two cities were furnished cables of lower standard, 
you would be obliged to provideso much more margin 
іп the trunk line to offset their lower standard. Тһе 
question is, whether you want to have them talk over 
. their local instruments through the trunk line be- 
tween here and Washington, or only between here 
and Philadelphia? If you give. them inferior local 
connections you must to the same extent, according to the 
formula, raise your specifications for the trunk line. 

Mr. Hall: Suppose we get in our trunk line, according 
to Mr. Jacques' formula, a product of 4,000, adding tothat 
a short trunk line, a mile long, for instance, in an ex- 
change—a short local line—that might produce a product 
say of 4,200, which would still be within the rangeof suc- 
cessful commercial talk. 

Mr. Davis: I understand Mr. Barrett's proposition to be 
this, that you have got to raise the standard for your 
cable between here and Washington, and the question 
comes in whether the expense of that cable would not be 
greater than providing special service in the city for peo- 
ple who want to talk on the line. 

Mr. Barrett: 'The trunk lines being of course fewer in 
number and nore used, as is stated in my paper, you 
could afford to spend more dollars on them than you could 
afford to spend proportionately on the same line of local 
circuit; so that you could afford to raise the standard of 
your trunk line higher to offset à lower standard of your 
local circuit, and be better off financially. But the limit 


50 


in the formula is fixed at 4,500. If you reduce it on the 
local circuit you must increase it on the trunk line. 

Mr. Hall: І don’t know that I have made my position per- 
fectly clear. Perhaps I canillustrate itin this wav. W hen 
the question came up of running wires in our cable houses 
from the terminal of the line conductors tothe cable light- 
ning arrestors, and it became a question as to what size of 
conductors should be used for that inside wire, and the 
statement was made by some one that it was practically 
immaterial whether we used a 30 conductor or an 18 con- 
ductor, because the length of wire in those cable houses 
was so small that it could not have any appreciable effect 
on the working qualities of the line. 

Mr. Barrett: 'That is where you are working safely within 
your margin allthe time; but as you begin to approach your 
margin, as you are going to when you connect cities at a 
greater distance from each other, and especially when you 
require the local subscribers in the two cities to communi- 
cate with each other, then, as I said before, it is a fixed 
thing; you have got your limit, and the ounce taken off in 
one place must be added in another place. If you increase 
the static capacity, or increase the resistance at any 
one point, you have got to offset it at some other point 
and it is just that question, what balance it is best to 
strike between raising the standard of the trunk line and 
keeping up the standard of the local circuits. 

Mr. Sargent : Speaking for the local exchanges, I think 
it is impracticable to bring the cable conductors up to the 
standard of long distance lines, principally upon account 
of the mass of wires and the want of space. Now, the 
long distance lines, compared to the local service lines, are 
limited in number, and they have ample facilities for in- | 
creasing the size of the conductors and the thickness of 
the insulation, which the local exchanges do not have; and 
from a financial standpoint, I think I would rather see 
the burden on the newly organized company than on the 
local company. | 

Mr. Barrett : It then remains to ask to what extent you 
will take it off from one branch of the service and put it 
оп to ће other. As I understand it, the total when you 
approach the limit, is a fixed thing. If you do take it 
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down in one part, you must build it up somewhere else. 
I would like to hear what Mr. Jacques has to say. 

Mr. Jacques: I agree with everything you have said 
Mr. Barrett, and I think it would be better decidedly 
to contrive your lines with a uniform specification, 
within certain reasonable limits. For instance, we are 
going to have a large amount of business between New 
York and Philadelphia, perhaps. It would seem to me 
that the most economical arrangement would be that you 
should use cables of low resistance and low capacity for 
this local service from here for the subscribers as well as 
through your line. It seems to me that one specification 
of cable will not do for all sorts of purposes, because after 
you have it all arranged so that any subscriber in New 
York can talk with any subscriber in Philadelphia, 
there comes another problem. Perhaps any subscriber in 
Boston, wanting to talk with anyone in Philadelphia can- 
not do it over the same trunk line as the New York and 
Philadelphia subscribers are talking over. They have got 
to be larger and more extensive cables in circuit and larger 
and more expensive pole wires. But it is not necessary 
to raise the trunk line for the New York and Philadelphia 
business up to the standard of the Boston and Philadelphia 
business, by any means. It seems to me that your second 
suggestion, that there should be several grades, is a good 
one. 

Mr. Barrett: That is approximately what they have done 
between here and Philadelphia, and between here and Bos- 
ton. They have several sizes of wire on the poles, Nos. 
12, 14 and 16, standard gauge. Between here and Phila- 
delphia it is very difficult and almost impossible to dis- 
tingui-h in the transmitting efficiency between one and 
the other; but just as quick as you get out another hun- 
dred miles, and get two hundred miles of wire, you do be- 
gin to distinguish. So that a number 16 wire would serve 
between here and Philadelphia, while it would not serve 
between New Haven and Philadelphia so well. 

Mr. Hall: I think it is fair to assume that the long dis- 
tance circuits will be constructed with reference to bringing 
into terminal. points, enough strength of current to work 
with any reasonably constructed local lines. Of course if 
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the long distance lines, through the great expense involved 
in this, cannot be so constructed, then the limit of long 
distance telephony will very soon be reached. Now assum- 
ing that we bring into the local exchange efficient trans- 
mission, perhaps not as great, certainly not as great as we 
would get on the same instrument used locally, the ques- , 
tion still remains whether it is not possible to construct 
local exchange cables and lines, so that with the amount 
of force which we are able to bring in we can get efficient 
service. 

Mr. Barrett: Right there comes in the point that when 
you have reached your limit by that means you could still 
go on further and talk perhaps to another city beyond with 
the same trunk line if you had larger local circuits. It is 
a question of commerce entirely. I do not see that this 
branch of the topic has much if anything to do with elec- 
tricity. 

Mr. Davis : Have we not rather settled the question by 
the size of duct we have adopted for underground work, 
so far as the local circuits are concerned. 

Mr. Barrett: I don't know. They are putting some in. 

Mr. Davis: In New York we have decided to use metal- 
lic circuits entirely. We are putting in our ducts two 
inches and a half in diameter, to take a hundred wire 
cable. That is about as large a cable as we can get in; a 
hundred wire cable as it is now made. 

Mr. Barrett : What is the diameter of that cable? 

Mr. Davis: It is No. 18 wire. 

Mr. Patterson: 110 conductors, No. 18 Brown & Sharpe 
wire; inside diameter of the pipe an inch and а half; static 
capacity .19 of microfarad a mile. 

Mr. Hibbard: What is the diameter of the wire with 
its insulation? 

Mr. Patterson: The wires are approximately one-tenth 
of an inch apart—the surface of the wire. 

Мг. Hibbard: The thickness of each insulation is опе- 
half of one-tenth of an inch? 

Mr. Patterson: Yes. 

Mr. Hibbard : One-twentieth of an inch. 

Mr. Най: Then your proposition, Mr. Davis, is that 
you have laid as many ducts as you can and you have 
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made them all as large sized as you can, and having in 
mind the limit of the number of wires that you can run, 
you think it is not possible to go any further in the direc- 
tion of enlarging the size of the conductor or the thick- 
ness of the insulation ? 

Mr. Davis: In adopting the size of duct in New York, 
we had in mind a certain size of wire and a certain size of 
cable. We had in mind a cable with a No. 18 conductor, 
with about the insulation that Mr. Patterson has men- 
tioned, about one-tenth of an inch between wires. 

Mr. Hall: No. 18 conductor, Brown & Sharpe gauge. 

Mr. Patterson: Yes, Brown & Sharpe gauge; No. 18 
conductor, Brown & Sharpe. 

Mr. Thayer ; What is the weight? 

Mr. Patterson; I have forgotten the weight. The resis- 
tance is about 34 ohms per mile. 

Mr. Barrett : What was it that fixed that limit? Was 
it not a commercial consideration altogether ? 

Mr. Davis: Altogether. 

Mr. Barrett : That is the proposition that I made, that 
it is a commercial question, to fix the limit of what you 
can afford to do considering what you want to accomplish. 
If that is the limit, there is no further question in that 
direction, so far as New York is concerned. It is very 
easy to figure out by the formula of Mr. Jacques how far 
you can talk in connection with lines of the general speci- 
fication in the Philadelphia and Boston lines, with local 
circuits of more or less length, and with that particular 
condition. It is very absolute, it seems to me, so far. 

Mr. Barton: It is а commercial and electrical question. 
If you assume a certain sized duct and a certain sized 
cable to go into it, there is no reason that I know of why 
you should not vary the number of conductors that you 
put into that pipe, according to the requirements of the 
electrician. | 

Mr. Barrett: Except the expense that there would be 
in putting in 25 wires as compared with 100—when you 
get 100 wires in four ducts as compared with getting 100 in 
one duct. 

Mr. Barton ; I think that is what arithmetic and geome- 
try are for, to reduce that electrical question to a question 
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of dollars and cents. How much must the electricians 
have in the way of conductivity and how little can they 
require in the way of capacity, and then what will that 
cost ? | 

Mr. Barrett: If you begin with the point of how far 
you want to talk, how remote cities you want to put into 
direct communication with each other, then Mr. Jacques 
will give you in a few moments just exactly what sized 
conductors will be required in the cables, and what sized 
wires will be required on the pole lines to put those cities 
in communication with each other. Or, if Mr. Jacques’ 
formula is not adopted, some other doubtless will be. 

Mr. Davis: In reply to one suggestion, we had to as- 
sume, in putting down our underground system here in 
New York, the number of wires that would go into a 
cable. For instance, we start here with a switchboard of 
a certain capacity. Now, the number of wires that will be 
brought to this building is known. We put in ducts 
enough to bring that number of wires, if there area hun- 
dred wires, in a cable. If we put less in we cannot get 
them here. The question had to be solved, so far as New 
York was concerned, when we commenced our under- 
ground system. 

Mr. Barton: That, I suppose, would be solved, for the 
ducts that center at this place, where the number of wires 
is greatest. If you have all the room that you can get, 
as you branch off from the building and get further away 
from here I suppose the wires on a given route will dimin- 
ish and you could get more room. 

Mr. Davis: We do not put in the ducts forit. We had 
to assume, for instance, in laying out a system for New 
York, where all the central offices would be. We divide 
it up into exchange districts. We locate the central office 
at a given point. We assume the number of subscribers 
that would be taken to that office from that district. We 
assume the number of subscribers that would be in every 
block in this city, and we built our ducts accordingly. If 
they do not have that number of subscribers it won't be 
right. 

Mr. Barrett: What could you do possibly, supposing it 
was found that, with the trunk lines which they are build- 
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ing in connection or combination with such circuits as you 
are putting in here locally—supposing they found that the 
limit of commercial conversation from New York was in 
Philadelphia, what could you do if they fell upon you to 
improve upon that, in the way of increasing the size and 
insulation of your conductors? 

Mr. Davis: I don’t think we could do much of any- 
thing. 

Mr. Barrett: Why not? 

Мг. Davis: Except by putting down more ducts in the 
street. 

Mr. Barrett : Can you do that? 

Mr. Davis: Yes, if you set aside cost. 

Mr. Barrett: That is just where it comes back to. 

Mr. Patterson: In that case would not the cheapest way 
be to rebuild the connecting lines between the cities? 

Mr. Davis: I think so; but we felt that in putting in a 
cable of the sized wire, or the dimensions, that have been 
given here, we were putting in all we could afford to. 
Now the long-distance telephony will have to take care of 
itself. 

Mr. Barrett: Then the question comes, for Mr. Hall to 
answer, how much further he can go in the direction of 
enlarging his trunk lines. 

Mr. Hall: 1 would like to know just how far we are 
going to be able to goin New York with cables which 
have been adopted for the Metropolitan Company? 

Mr. Barrett: We can take Mr. Jacques’ formula and 
figure that out. 

Mr. Jacques: I could figure that out ina short time. 

Mr. Barton: Take as working hypothesis a conduc- 
tivity of 34 ohms per mile, and a capacity of .2 of a mi- 
crofarad per mile; take that for New York; take the same 
for Philadelphia, and see how much you have got left then 
in the way of margin to give to the lines between the two 
places. 

Mr. Jacques : How long do you want the lines to te? 

Mr. Hall: You have to assume a maximum length for 
your local line. 

Mr. Barton: You have got to assume a length for New 
York of —— 
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Мт. Davis : Ten miles. 

Mr. Barrett: How long would be the cable in each 
city ? 

Mr. Davis : In New York, ten miles. 

Mr. Barrett : How long in Philadelphia ? 

Мг. Hall: I think a five mile cable in Philadelphia 
would carry a line to any point where cables would prob- 
ably be required. 

Mr. Jacques: (After making a computation.) Well, 
the product for your Philadephia and New York line would 
be 1,530. That is to say, you could carry on conversation 
from one point to another, provided you could neglect your 
line between the cities, very nicely indeed, using Blake 
transmitters. 

Mr. Barton : That would leave for Mr. Ball about how 
much ? 

Mr. Hall : About 3,000. 

Mr. Jacques: lt is not question of subtraction ? 

Mr. Barton : But it would leave him such a proportion 
of the whole. . 

Mr. Jacques : It would leave him something. It would 
not leave him the difference between 4,500 and 1,500. 

Mr. Davis : You have to put in two switchboards. 

Mr. Barton : This will be an approximation. There are 
certain drawbacks, that the instruments will not be up to 
the highest pitch and that you have got to work through 
switchboards, and all that; but possibly we can attain 
something approximating this. 

Mr. Jacques: It is only a few minutes’ calculation to 
tell you what sort of pole wire extending between this 
office and the Philadelphia office would work. I will 
figure that out in just a few minutes. 

Mr. Hall; While Mr. Jacques is figuring that I would 
like to bring up the suggestion of Mr. Barrett in reference 
to the lay-up of cables. As I understand it the Patterson 
cables are laid up now with the circuits twisted т a single 
twist, and parallel conductors. 

Mr. Patterson: They are put together in a kind of 
bunch, all the wires spiraled approximately in the same 
direction. 

Mr. Barton: We have had for some time a machine 
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about half made, which we can finish up within a short 
time if we set about it, tolay up wires in uniform layers. 

Mr. Hall : Reversed layers ? 

Mr. Barton: Yes; like a Kerite cable. 

Mr. Barrett : The question is, it seems to me, what Mr. 
Patterson thinks about the desirability of laying up cables 
that way as compared with laying them up indiscrimin- 
ately. The proposition is, what to do with the wires to get 
rid, as much as possible, of the cross-talk, so long as there 
are single circuits; and then, if it is ever wanted to con- 
vert them to double circuits, how to do it, so as to get rid 
of all the cross-talk. 

Mr. Patterson : The principal thing we have had in viéw 
in making cables so far has been to get the lowest possible 
static capacity, and we have found that there is a little in 
favor of running the wires in the same direction and 
twisting them promiscuously. In making a hundred-wire 
cable we make it in two portions—50 in the center, and 
50 outside—and it is a guide for the men in splicing. There 
is no reason why cables should not be laid in layers, the 
wires running uniformly, always in the same relative 
position, one with the other, if it is so desired. 

Mr. Barrett : The point in laying them up in this way— 
the Kerite plan of laying them up—is that the wires in any 
one layer have little influence upon the wires in any other 
layer, either those directly outside of them or those directly 
inside; and the wires that have the most influence upon 
each other are those that lie within four or five of each 
other contiguously in the same layer. бо that it gives 
an opportunity to break up the arrangement in grounded 
wire circuits with a more absolute result than in the 
Western Electric Cable where the wires run approxi- 
mately parallel to each other through the entire cross 
section of the cable. Then if you come to metallic 
circuits you can arrange these layers in such а way in 
sections that you get next to nothing at all in the 
way of cross-talk; while, if you have the wires indis- 
 eriminately scattered through the cable, so far as I have 
seen, in any metallic circuit connected in a cable made in 
that way, there is considerable cross-talk, varying accord- 
ing to the run of the wires through the cable. 
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Mr. Jacques : How long have you tested cables like this 
for cross-talk ? 

Mr. Barrett: The one that I have in mind is a large 
one up-town of the Western Electric niake. 

Mr. Hibbard: The underground is two miles and a 
quarter, just. 

Mr. Barrett: That is scattered around as much as pos- 
sible and yet the cross-talk is appreciable, while we have 
two miles and a half of an aerial kerite cable in layers, 
and that is fixed so that with a metallic circuit there is 
next {о nothing at all between any of the circuits. 

Mr. Hall: We had a case in point in relation to that 
Patterson cable in the Sixth avenue underground conduit 
that perhaps it would be well to bring in here. A metallic 
circuit connected from this office to the Grand Central 
Depot in Forty-second street was run through that cable 
in Sixth avenue, and we found that the amount of cross- 
talk in it was so great that we were obliged to abandon 
the use of the underground cable and ask Mr. Eckert to 
give us some overhead conductors. 

Mr. Barrett: Right alongside of that is the fact that we 
have this Kerite cable laid up in this very way, which 
is in use for metallic circuit, and the wires, by the trans- 
position at the cable boxes, are made almost perfectly 
neutral to each other, so that where the runs, if left 
straight, or even distributed, would give us more or less 
cross-talk, connected up by the systematic mode of trans- 
posing the alternate circuits it is almost perfectly quiet for 
two miles and a half. When you come to use single wire 
circuits in the cable you stand at а better advantage for 
purposes of scattering cross-talk—not neutralizing it—be- 
cause you cannot neutralize it in the cable, but you can 
scatter it more effectively in a cable laid up that way 
according to my observation than you can if they are laid 
up indiscriminately, in a bunch. 

Mr. Hall: I understand, Mr. Davis, that the intention 
is ultimately to handle New York entirely with metallic 
circuits? 

Mr. Davis: Yes. 

Mr. Hall: It seems to me then absolutely essential in 
preparing specifications for cables for the Metropolitan 
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Company that they should be made with reference to this 
proposed use. 

Mr. Barrett: I think the point should be further con- 
sidered whether ultimately, for metallic circuits, you want 
to be tied to this systematic transposition method or 
whether you want to have the perfectly convenient and 
simple method of twisted pairs. I don’t think that has 
come to a deciding point yet. I am not prepared to say 
which. | 

Mr. Davis: The cables that we put down in Boston, I 
think it was in 1883, were made with twisted wires. 
They were very small however. At that time we were 
using small wires. They were Western Electric Cables 
of small twisted wires. At that time they decided to use 
twisted wire. 

Mr. Barrett: In twisted wire cables you can scatter the 
cross talk, when you use them with grounded circuits, by 
taking particular pains to separate from section to section 
the wires of a pair. That distributes the cross talk, from 
being tied up between any two wires—it distributes it all 
over the wires which any particular circuit comes in the 
neighborhood of. So that it seems to me from my stand- 
point of observation that it is a question whether you lay 
wires up this way (reversed layers) and afterwards come 
to the method of systematic transposition of the pairs, or 
whether you lay them up in twisted pairs. In either case 
you must have access to your points of change so that 
when you come to alter your circuit from single to metal- 
lic you can get in there and rearrange. 

Mr. Davis: I would like to ask Mr. Patterson how 
much greater would be the diameter of a hundred wire 
cable with twisted circuits than one made the other way. 

Mr. Patterson: Do you mean of the same capacity? 

Mr. Davis: Yes, the same capacity. 

Mr. Patterson: It would probably be one-eighth larger 
in diameter. 

Mr. Barrett: That is less than it would be of a kerite 
cable. Where they twist their wires they have to pad 
them, because the wires do not hug together; so that 
thirty-eight wires twisted in pairs and afterwards cabled 
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would be from one-fourth to one-third larger than а cable 
in layers. 

Mr. Jacques: I do not see why it is a very vital point 
whether the wires are twisted in pairs or whether they 
are laid up in that way and cross-connected at intervals. 

Mr. Barrett: If you do it in this way and afterwards 
cross-connect them you have got to do it systematically. 

Mr. Hall: I would like to suggest that in speaking of 
the various ways of laying up these cables we use the 
phrase ‘‘in reversed layers ” or ‘‘in twisted pairs,” in- 
stead of the phrase '' in this way.” 

Mr. Barrett: In laying them up in reversed layers and 
depending afterwards upon systematic reversals or trans- 
positions of the pairs, you must have a system, a 
plan, a sort of map of what you have got to do, and it in- 
volves more care and attention to the subject than would 
be the case if they were laid up in pairs where all 
that is required is to use together the two of a pair and not 
have any consideration or care for what else is in that 
cable or whereabouts it is. 

Mr. Patterson: As I understand it, in cables laid up in 
reversed layers the sections that are placed together ought 
to bear a relation to each other in length, while if twisted 
together in pairs it makes no difference what the lengths 
are that are twisted together. 

Mr. Barrett: The sections of the circuit should have re- 
lation to each other іп length. That isa part of the system. 
It is a method that will have to be mapped out and fol- 
lowed and taken care of. It is more rigid and less flexible 
to be adapted to a variety of circumstances than the 
twisted pairs are. There you have your pairs neutral 
and you can take them out and handle them, and as long 
as you can keep them together that is all that you have 
to consider; but in this case of transposition you must 
have your map and plan and adhere to it. You must 
have your lengths laid out and make your changes at 
stated points. That would involve care that would be 
troublesome when you came to have many circuits. It is 
perfectly efficient, but involves attention and care that the 
other method does not. 

Mr. Hall: Are we all agreed on this proposition, that 
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to lay the cables as the Western Electrical cables аге now 
laid up 15 bad for either single or metallic circuits? 

Mr. Barrett: I don’t think Mr. Patterson has said any- 
thing about that. He said they could do it if it was 
wanted. He did not express any opinion on the subject. 


Mr. Patterson: I think I stated that the principal thing 
we had in view was to get rid of all the static capacity 
possible. As far as getting rid of induction absolutely is 
concerned there is no doubt but we have got to have 
absolute symmetry in the two sides of the circuit. 


Mr. Hall: It seems to me really that that is quite as im- 
portant a question as any we will have to discuss, because 
the bulk of our cables that are being used now in telephone 
work are laid up in continuous parallel circuits, as you 
now are making your cables. If that is wrong, if that is 
not adapted to the future wants of the business, then 
there ought to be no more cables made in that way for 
telephone work. 


Mr. Patterson : In reference to this metallic circuit that 
you spoke of through the Sixth avenue cable, what was 
the condition of the other conductors in the cable,--how 
many were working? 


Mr. Hibbard: There is a report of that I think which is 
embodied in a report that I have here. I understand that 
it was a local circuit which was extended into the Exchange 
at Thirty-ninth street and out again. Iunderstand that it 
was a No. 18 wire, and over one-half of all the other wires 
in the cable were in operation. 


Mr. Eckert : Quite one-half. 


Mr. Hibbard: It was thought that it was especially on 
account of all these other lines in operation in the cable 
that we had such heavy induction in it. We could hear 
often times as many as eight or nine other people talking. 
We could hear every ring made by an operator, and it was 
almost impossible to operate it or talk over the circuit. It 
is a part of a report that I made. 


Мт. Hall: I think, then, perhaps right here, it would be 
well to have Mr. Hibbard's report read. He brings in that 
particular case with others. 
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Мт. Hibbard’s paper was then read, as follows: 


“Subject: Tests reported. 


AMERICAN TELEPHONE AND TELEGRAPH .CO., 
EXECUTIVE OFFICE, 
18 CORTLANDT STREET, 
NEw Үовк, Sept. 6th, 1887. 


* EDWARD J. HALL, Jr., Esq., 
General Manager. 
DEAR SIR: 

I present herewith reports of tests of the following 

cables : 
* Test I.—A test of the 8-mile aerial cable strung on poles 
from Jersey City to Bergen Point, length 8.016 miles. All 
the figures on this cable have been, however, computed on 
a basis of an even 8 miles. 

“Test II. —A test of aerial cable at New York, 2} miles 
in length, extending from our operating office to the cor- 
ner of Sixth avenue and Twenty-first street. 

** Test ПІ. —A cross talk test of aerial cables extending 
from our operating office to 198 Broadway and 140 Fulton 
street. 

“The following report of tests made through these 
cables is confined largely to the subject of cross-talk: 

“This cross-talk is especially troublesome to metallic 
circuits on account of the absence in them of all other in- 
terferences, and because metallic circuits in cables are 
much more susceptible to cross-talk than grounded lines. 

** In a 38 conductor kerite cable, number 18 gauge wire, 
5-32 insulation, four hundred feet long, the wires being 
laid together in what is known as ‘regular lay,’ it is just 
possible to notice cross-talk between parallel metallic cir- 
cuits. In this same cable the cross-talk is much more 
apparent between one metallic circuit and an adjacent 
grounded circuit. In the same cable no cross-talk can be 
noticed between wires in different layers, nor between cir- 
cuits having one intermediate or shield wire. It may be 
said, therefore, that the only cross-talk to be found in such 
a cable is between adjacent circuits. 

“The regular lay of wires in a cable makes it possible 
to handle them as advantageously as though а оп 
poles, in arranging them in electrical balances, and, by 
transposing alternate circuits, their relations to adjacent 
circuits can be made neutral. 

* It is in cables, therefore, that the theory of transposi- 
tions, as above mentioned, has been most perfectly de- 
monstrated. | 
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“In a 38 conductor kerite cable, extending from 18 
Cortlandt street to the corner of Seventh avenue and 
West Twelfth street, in this city, a distance of two and 
one-half miles, four intermediate terminal boxes were cut 
in at equal distances of one-half mile. At these boxes the 
alternate circuits were transposed, but it was found that 
the cross-talk had not entirely disappeared. 

“It was then seen, however, from a diagram of the 
lines, that on account of the odd number of half miles, 
three sections of one wire of a circuit were exposed to the 
disturbing sources, as against two sections of the other. 

** A terminal box was then cut in one-quarter of a mile 
from the office end at which the same circuits were trans- 
posed, thus making an even number of exposures for each 
wire of a circuit. When this was done it was found that 
no cross-talk whatever remained in the cable. 

“In a 38 conductor cable, number 16 wire (В. W.G.) with 
6-32 insulation, laid underground at Philadelphia, 12 me- 
tallic circuits are connected occupying 24 wires. Between 
each pair of wires there is left one dead wire, and these 
dead wires are bunched at each end. 

‘* This cable is 2,480 feet long, and in it there is no cross- 
talk between the circuits. 

'* In the 20 conductor Patterson cable, eight miles long, 
strung on poles between the Jersey City cable house and 
Bergen Point, the circuits were twisted in pairs. When 
these twisted pairs are used as metallic circuits there is no 
cross-talk in the cable. 

“This difference in the circuits between New York and 
Philadelphia, where the eight miles of cable are cut out, is 
not noticeable. It is possible to carry on satisfactory con- 
versation between New Haven and Philadelphia through 
the underground and aerial cables in New York. this 8 
miles of New Jersey cables, and the cables operated in con- 
nection with the Philadelphia lines. This is a total of 198 
miles of line, 16 and one-quarter miles (or 32 and a half 
miles of wire) being in cables. 

‘In this test it is noticeable when a change is made 
in the New Jersey aerial cable from the 14 conductor to 
No. 18 or 22. 

“ Six circuits of the New Haven line are now connected 
through the 102 conductor Patterson cable (No. 14 B. & 5. 
gauge wire), laid under ground in New York, a distance of 
two and a quarter miles. In this cable there are now but 
19 additional wires in use, about four of that number being 
operated in metallic circuit. 

** Shortly after this cable was laid tests were made by 
Mr. Barrett and myself, each being stationed at one end of 
the cable. At these tests we succeeded in finding cross- 
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talk between апу two metallic circuits used, although be- 
tween some it was much stronger than others. Since the 
cable has been in use the cross-talk in it has increased 
as the number of wires used in it has increased, and 
it is evident that the 6 metallic circuits now operated 
through it, in connection with the New Haven lines, would 
suffer very badly from cross-talk if the remaining 90 con- 
ductors were used actively in exchange work. 

“А further illustration of this was found in the metallic 
circuit extending from the ‘Long Distance’ operating 
office to the general offices of the New York, New Haven 
and Hartford Railway, at the Grand Central Depot on 
Forty-second street. 

“This circuit was connected through a Patterson cable 
laid under ground on Sixth avenue from Twenty-first 
street to Forty-second street, in which cable nearly all of 
the other conductors were in use on exchange lines. 

* It was found that, during the busy hours of the day 
there was so much interference from cross-talk that it was 
almost impossible to talk on the metallic circuit provided 
for the use of the railway company. Indeed, at times as 
many as six or eight different parties could be heard at 
once, and the noise from pole changers operated from the 
exchanges was louder than anything else. The railway 
company was obliged to discontinue the use of the wire 
until it had been cut entirely out of this cable and an over- 
head wire circuit provided. 

"In the operation of metallic circuits in cables it is 
shown, therefore, to be necessary to give the greatest 
amount of attention to the detail of the electrical balances 
as to conductivity, insulation, and to the neutralizing of 
disturbing elements by transpositions. In our present 
work, these matters are, therefore, receiving particular at- 
tention. 

** Yours truly, 
‘А. S. HIBBARD, 
'* беп? Sup’t.” 


TEST ON AERIAL CABLES. 


Test E.—JrERSEY CITY TO BERGEN POINT. 
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Test IE.—TEsT on 2} MILES AERIAL CABLE, 18 CORT- 
LANDT STREET, TO CORNER SEVENTH AVENUE AND 
TWELFTH STREET, 38 CONDUCTORS. 
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258 
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Test Ila.—Trst ох 2} MILES oF 91 CONDUCTOR PATTER- 
| SON UNDERGROUND CABLE. | 
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Test ШИ—Свозз TALK TEST. 


Tests were made between 140 Fulton street and 198 
Broadway, about 150 feet. Wires 35-36-37-38 were taken— 
37-38 forming a loop, and 35 and 36 forming legs. It 
was possible to talk from leg 35 to leg 36. It was possible 
to talk from leg 36 to loop 37-38, but transmission was 
weaker than in the first case. 

Two loops running through the same cable, one to 
to Nassau and the other to Maritine were next taken, and 
` it was found possible to talk from one to the other plainly, 
there being no extraneous noise. 


Mr. Hall: On the basis of that report, which is simply 
a record of our own work, it seems to me perfectly clear 
that the present lay up of the cables is not adapted to 
metallic circuit work, and that before they are extended 
some re-arrangement ought to be found that will provide 
properly for metallic circuits. 

Mr. Barton: I should like to raise a point here, and I 
will begin by saying that I do not know of anybody in the 
world whose record I shall attach more importance to in 
such a matter than that of the men who have made this; 
but I have known of tests that would seem to lead to a 
different conclusion, and so I should like to see if there is 
any way to reconcile the two lines of tests and, perhaps, 
reach a conclusion that would be satisfactory. If I re- 
member rightly there have been a good many wires con- 
nected in metallic circuit under conditions similar to this 
where the cross talk for a good deal greater distance than 
there is here did not show up to any appreciable extent. 
Are there long-distance transmitters used in this cable? 
Is a part of the effect to be attributed to them? 

Mr. Hibbard : No, sir; the other lines connected through 
there are being worked with the Blake transmitter. 

Mr. Barton: And what we hear is Blake transmitter 
talk interfering with long-distance transmittertalk; Blake 
transmitter talk coming into our metallic circuit so as to 
drown our Hunnings talk; is that it? 

Mr. Hall: Not necessarily to drown it—to interfere with 
1. 
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Mr. Barton : To interfere with it so that the customers 
kick. 

Mr. Hall: Exactly. 

Mr. Barton: It seems hardly necessary to ask Mr. Hib- 
bard whether there was any chance for that to come in 
except in the cable. If it was anybody else I might. 

Mr. Hibbard: I should think not, Mr. Barton. Al- 
though it entered an exchange at Thirty-ninth street, as I 
understand it, the ends were extended out of one cable 
that has 110 conductors in it and entered another, but had 
not any entrance into any exchange apparatus at that ex- 
change. I think, though, that Mr. Eckert understands 
all of the details and exactly how it is operated and run, 
and he could explain it perhaps better than I, for he fur- 
nished the wires. 

Mr. Eckert: When my attention was first called to if, 
that was one of the peculiar features about it—that it 
would pick up this disturbance; and that it was our dis- 
turbance I was satisfied from what Mr. Hibbard and also 
Mr. Hall spoke to me about, and I called the attention of 
our electrician, Mr. Seely, to it, and he said it was our 
disturbance. It was where they looped into the Thirty- 
ninth street exchange. 

Mr. Hibbard: Possibly Mr. Eckert would let us have 
this circuit again. If we could have it again we could 
test it. 

Mr. Eckert: І can arrange that for to-morrow. 

Mr. Hibbard; I know I wasinand out of it for half 
hours at a time, and that the induction was wonderfully 
bad. 

· Мт. Eckert; You would want to have it come in under 
the same conditions as the other? 

Mr. Hibbard: Yes. 
` Mr. Hall: It seems to me that the present arrangement 
of wires in metallic circuit in a cable is very much the 
same arrangement as that of the first exchange manager 
who tried to supply his customers with metallic circuit 
service. He had a single grounded wire, which worked 
very badly, and some way or other he heard that if he 
used a metallic circuit he would get rid of all that trouble; 
so he ran another wire from the subcriber back to the ex- 
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change, but, for some reason, гап it around in а very large 
circuit and, to his surprise, found that instead of getting 
rid of the noise he doubled it. Now, that is practically 
what you do in those cables. 

Mr. Barton: Those cables have a considerable diameter, 
and it is quite possible that the work on which I look for 
better results than what you speak of was in cables con- 
siderably less in diameter. But I still feel as though there 
was enough of what looks in the other direction to justify 
(if Mr. Eckert and Mr. Hibbard will do it) asking them to 
let us try it again aud see if we can adopt their conclu- 
sions. 

Mr. Hall: Does not diagram No. 1 indicate practically 
the actual relation of the two sides of that metallic circuit 
to each other in the cable? 

Mr. Barton : The wires of the cable are not very far 
apart; and I should not expect such a result practically as 
Mr. Hibbard states. 

Mr. Hail: But aside from the question of the practical 
result which you would expect, as a matter of fact, does 
not that diagram No. 1, in an exaggerated form, repre- 
sent exactly the way those circuits are run? This diagrain 
shows five lengths of cables. They are connected at their 
junctions Jin the usual way of connecting grounded cir- 
cuits. Now, when we take any two of those grounded 
circuit wires as those commencing at A, Fig. 1, and 
terminating at B, might we not, instead of obtaining a 
metallic circuit, as shown in Fig. 2, obtain the very de- 
fective circuit shown in Fig. 3? 

Mr. Barton: Yes, that represents the case 11 an exag- 
gerated form. 

Mr. Hall; That is what I claim is the practical arrange- 
ment of a metallic circuit in a cable laid up in that way. 
Instead of having an exposure as in a single conductor 
of two miles and a quarter, the single length of the cable, — 
when you use it in a metallic circuit, using two of those 
conductors, you have practically got an exposure of four 
. miles and a half of single conductor. 

Mr. Barrett: I think that would be altogether a matter 
of chance. Ithink it is altogether possible to conceive of 
such an arrangement; it might possibly happen, wherethe 
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two follow each other around by accident, the respective 
branches being all the way quite close together on either 
side; but it seems to me the whole thing is a matter of ac- 
cident—that you might find some cases in which there was 
no cross-talk; but that you would have to balance it off 
in the other cases by supposing there was more than the 
average amount of cross-talk; that is, you have not neu- 
tralized any cross-talk in the line except by accident. 
You have distributed some of it, but where you have 
got rid of it in any one caso, you have picked it up in 
another instance. 

Mr. Barton: But itis sufficient to say that if the method 
of reversed layers is on the whole proven to be better 
there is no great difficulty in using it. It is simply a case 
where you sacrifice a little in retardation and gain a little 
on cross-talk, and if it proves to be the case that the gain 
is more than the loss, why, it is easy to save all that there 
is, the one way or the other. 

Mr. Davis: You say that you lose a little in retarda- 
tion by winding in the reversed order. Why? 

Mr. Barton: Because all the wires in one layer laying 
over the others compress the cover so as to bring the metal 
of one wire at the crossing point a little nearer than they 
would be if they were as nearly as possible wound on the 
same spiral. 

Mr. Davis : That would be true of twisted wire too. 

Mr. Barton : True in a higher degree. It is trueof wires 
twisted into pairs in a still higher degree. In the one case 
you will lose a good deal in the way of retardation, but 
gain something in the way of cross-talk. In the other 
case you will lose comparatively little; but whichever 
way you gain the most and lose the least, why, that 
you can have. 

Mr. Davis : 1 should say that it was the retardation that 
is the more objectionable and not cross-talk. 

Mr. Barton : 1am afraid that retardation is your greatest 
enemy. 

Mr. Barrett: There is no question about that, that the 
leading element is retardation. But in the case of our 
metallic circuits, as it has been stated before, they are sup- 
posed to be, aud so far as they can be, they are dead quiet, 
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and the least conversation that comes into them is per- 
fectly distinct, so as to be understood by any party who is 
in there. When the cross-talk is very minute you can 
catch every word that is said. Now, our subscribers have 
complained in a number of instances of cross-talk that is 
very faint. If you should take such a line and tap on to 
it a line which would bring in a noise much less than is 
on a grounded circuit it would drown that cross-talk all 
out, it is so small; but standing there as it is without any- 
thing to off-set it or muffle it, you can carry every word 
that is said. That is what they complain of. You takea 
grounded circuit and you can hear voices but you cannot 
carry on a conversation, beyond catching a word or two 
occasionally, you cannot follow the conversation. With 
one-hundredth part of that cross-talk on a metallic circuit 
you can carry every word of it. This is what increases 
the importance of providing against cross-talk on metallic 
circuits. 

Mr. Barton: The practical test is the important one of 
course. Perhaps I had better mention the leading experi- 
ment, the first one that impressed itself upon my mind 
strongly with reference to this question. In the Winter 
of 1879-80 I was in Paris, and was present at some tests 
made by Mr. Caél, of the French Government Telegraph 
Administration, to settle upon what style of cables the 
government would allow the telephone company to use in 
Paris. He had those little guttapercha cables of seven 
conductors in a lead tube, and those conductors were con- 
nected at random in metallic circuit. Listening at the 
telephones in the metallic circuits no extraneous noises 
could be heard, although Morse and Hughes telegraphic 
signals were sent through wires in the same cables, and 
talking with Edison transmitters in other wires was also 
tried. About the same time we were at Marseilles and 
we tried several experiments with the telephone wires 
underground in guttapercha cables, as I recollect, be- 
tween two and three miles in length, taking the wires at 
random from the metallic circuits: but those cables were 
considerably smaller in diameter than these that we have 
now. The neutralization would be less perfect with me- 
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tallic circuits taken at random, in large cables than in 
small cables. 

Mr. Barrett: We had a cable running from our Fulton 
street office down to the Vesey street cable house, a kerite 
aerial cable laid up in regular layers; and when it was 
first connected up the wires were numbered in regular 
order from the bottom up, so that 19 and 20 for instance, 
were side by side, and 21 and 22 were next; and 19 and 20 
were used as one circuit, and 21 and 20 as another circuit, 
side by side; and in that 2,500 feet we had a very serious 
amount of cross-talk between those two circuits. There, 
excepting for what we can doin the way of transposition, 
the conditions for neutralization are as good as they could 
ever be in a miscellaneous selection, it seems to me, be- 
cause all four wires of the two circuits lay close together. 

Mr. Hall: Is there any serious effect from retardation 
in that cable ? 

Mr. Barrett : That 2,500 feet ? 

Мг. Hall: Yes. 

Mr. Barrett : There is only what is due to its capacity 
and other conditions. 

Mr: Hall: Does it amount to anything serious in prac- 
tice ? 

Mr. Barrett : Not with our Philadelphia lines. That is 
to say, you can go down to Vesey street and talk, leaving 
the cable out, and go to Fulton street and talk with the ca- 
ble in, and not carry the difference. 

Mr. Hall : The statement has been made that the most 
serious difficulty we have to remedy is retardation. Our 
experience is that the most serious difficulty is cross-talk. 

Mr. Barrett: That is because in our specifications re- 
tardation on the line to Philadelphia is reduced far below 
the limitation where it begins to be troublesome. If you go 
on 200 or 300 miles further you will begin to find retardation 
looming up as a more serious difficulty than cross-talk. 
Cross-talk we have been able to scheme about and handle 
to a certain extent by arrangements and devices, but re- 
tardation can only be handled with two conditions. 

Mr. Jacques : You have got to be able, in the first place, 
to talk over a circuit, that is the first thing; you have got 
to design your cable in the first place so that you can talk 
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over it. І have got along far enough to do that myself. 

Now the next question that comes up is how to get rid of ex- 

traneous noises, with cross-talk from one circuit to another, 

or noises from the outside. Now we know that we can 

get rid of cross-talk from one circuit to another, by using 

double and twisted metallic circuits, so that that is some- 

thing that can be adopted. We also know that if you 

have four wires together in a cable, as in Figure 4, 

if you make 1 and 4 one circuit and 2 

(1) (®) апа 8 the other circuit, there is abso- 

lutely no cross-talk from one pair to 

another. Itried that on eighty-five miles 

from Paris to Orleans, and you can shout 

(з) (4) at the top of your voice on one pair, and 

| there is absolutly nothing heard on the 

FIG. 4. other pair. It seems to me that a very 

good mechanical construction is to utilize both of them, 

that is make up four wires like that, which are twisted 
at the same time. 

Mr. Hibbard: Here is a cable laid up in that way, 
twisted in groups of fours. 

Mr. Jacques: It is a neat mechanical construction and 
it is an absolute safeguard against cross-talk of any kind. 

Mr. Barrett : We have used that same arrangement on 
the pole lines to a limited extent. You may take two lines 
and use them on branches of a circuit, one over the other, 
and two other lines that are equi-distant, and there is ab- 
solute quiet. 

Mr. Sargent : We have a cable that is made up in fours 
in this way. The length, if I recollect right, is about 4,000 
feet; and we of course are using grounded circuits all the 
way through. It was made up looking to the future me- 
tallic circuits. With the grounded circuit the cross-talk 
between any two of the group of four is almost as good as 
if they were direct wires, but there is absolutely no cross- 
talk between two wires in different groups of four; sothat 
we can get only one out of four of the wires absolutely 
silent when all are grounded. 

Mr. Barrett : In taking four together in a group, as Mr. 
Sargent says, you can get one of four with a single circuit 
perfectly free; in the other you can get one of two. If 
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you want to use all your wires, for the purpose of scattering 
cross-talk through the whole cable the pairs are better; 
there are so many more changes you can make. It is diffi- 
cult to makeasymmetrical cable in groups of four because 
two of the wires necessarily come closer together than the 
other two, and they are likely to slip and chuck out of 
place in making up, unless you put а core in the middle to 
fill it out, making a cable that is wider one way than the 
other. 

Mr. Jacques: I should think the practical way to con- 
struct such a thing would be as it is in there (referring to 
a sample in which jute was used). 

Mr. Hibbard : It is jute. 

Mr. Barrett : It is a question of specific capacity. 

Mr. Jacques: Jute has about as low a specific inductive 
capacity as anything vou can get. 

Mr. Hall: It seems to me now that the discussion has 
wandered а good deal from the question at hand. It is not 
a question asto what the best method of arranging wires in 
metallic circuit is, but whether the wires ought to be ar- 
ranged in the cables that we are using now in refer- 
ence to use in metallic circuits in some way. In 
answer to the objection that the present arrangement of 
laying up the Patterson cables is troublesome on account 
of cross-talk, the objection has been offered to any change, 
that it will increase the retardation, and that that is the 
serious evil and not the cross-talk. 

Mr. Barrett: Supposing Mr. Patterson says how much 
it will increase static capacity to take the same thickness 
of insulation about the wire, and put those wires up in 
pairs twisted. How much will the static capacity of any 
wire be greater than it would be if all bunched by the pres- 
ent method? 

Mr. Patterson : From the number of tests I have made, 
I found it would average about fifteen per cent.; that is, 
for a wire covered originally with the same amount of 
cover. 

Mr. Hall: I understood you as stating that to change 
the present method of laying up your cables to the re- 


versed layer method would increase the retardation of the 
cable. 
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Mr. Patterson ; It would not increase it as much as to 
lay them up in pairs. The 15 per cent. of course, is when 
they are twisted in pairs instead of all in the same direc- 
tion. To lay them in the reversed direction it would in- 
crease it somewhat, but not near as much as it would in 
pairs, probably we could arrange it so that it would not 
increase it over half that. 

Mr. Barrett: If you take the same thickness of insula- 
tion, on the same sized wire, and make one cable in the 
method in which you have been making them, and make 
another cable of the same wires in twisted pairs, will there 
be any difference in outside diameter of the two cables? 

Mr. Patterson: The twisted pairs would be a little larger 
than when they are laid up straight. 

Mr. Barrett : Have you ever figured out why it is 50? It 
is not what one would naturally expect. 

Мт. Patterson: No, but where the wires cross each other 
the covering is compressed between two wires, so that 
when you measure the wires you get more effect on each. 

Mr. Barrett : Then to bring it back to the original status 
-—you would have to put on just enough cover more to 
make up for that depression? 

Mr. Patterson : Yes. 

Mr. Barrett : In the case of those cables laid up as the 
kerite is, in reversed layers, how would it increase the 
static capacity, supposing you put on, as they do, a thin 
layer of some wrapping, between each lay of the cable? 

Mr. Patterson : We only have to put in enough thickness 
of layer to keep the capacity the same and that increases 
the size. To make the cable of the same exterior diameter 
ihe capacity would be to scme extent increased. 

Mr. Barrett : In laying up the cables in the way you do, 
you would gain by not squeezing the cable so hard during 
the process of making it. 

Mr. Barton : Or, where you do squeeze it the wires run 
parallel with each other more nearly and do not cross each 
other. 

Mr. Barrett : They squeeze into the interstices rather 
than crowd against each other. Where they run as your 
cables now run they squeeze in between each other rather 
than crowd hard agaiust each other. 
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Mr. Hall: Mr. Jacques has stated that in the supposed 
case that we gave him a while ago of 15 miles of cable 
there is an ample margin for good commercial talk; and 
an increase of a small amount in retardation probably 
would not produce that to a point below our margin of 
safety. 

Mr. Jacques: In the actual case given by Mr. Barton, the 
proposed 10 miles of cable wire in New York and 5 miles 
of cable wire in Philadelphia; the resistance was thirty- 
four ohms per mile, and the capacity .2 of a microfarad. 
Now the distance between the two central offices being 
about 100 miles, we would have to connect those offices by 
a No. 11 Birmingham copper wire in order to converse 
perfectly well between a point ten miles up-town in New 
York and a point five miles from the office in Philadelphia, 
a No. 12 copper wire would not quite do it. 

Mr. Barrett; Then upon our present trunk lines we have 
not any lines that would come up to the standard? 

Mr. Jacques: Not to give good commercial conversation 
to a point ten miles up-town. 

Mr. Patterson: And no allowance is made for switch 
boards and offices? 

Mr. Jacques: This does not take into account switch 
boards. That would be so much more resistance and ca- 
pacity put in, whatever it might be. 

Mr. Barton: And if we should take a lower figure than 
4,500 as the safety limit, we have got to figure hard and 
save at every point in order to pull through. 

Mr Barrett : One hundred miles. 

Mr. Hall : That does not bring out exactly what I was 
after, then. Let me state it again: Assuming that with 
15 miles of the present cable, using metallic circuits, there 
would be no difficulty whatever in talking locally through 
the exchange. That I understand is correct. 

Mr. Jacques : No difficulty in talking from a point ten 
miles up-town in New York to a point five miles up-town 
in Philadelphia? 

Mr. Hall : There would be no difficulty in talking from 
a point ten miles above the office in New York to a point 
ten miles below the office in New York if you had that 
amount of distance to cover in the city. 
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Mr. Jacques: There would be no difficulty in talking 
from a point ten miles above the office toa point five miles 
below it. 

Mr. Hall: There would be no difficulty in talking with 
the present specification of cable as given to you? 

Mr. Jacques: No. 

Mr. Hall : Now our tests so far, indicate that we do have 
a serious difficulty with cross-talk in a very much shorter 
cable, a cable two miles and a quarter long; and the point 
I make is that the matter of retardation is not the control- 
ling factor, but the matter of cross-talk, and accordingly 
the cables ought to be arranged with reference to the use 
of metallic circuits to prevent cross-talk, and the present 
arrangement does not provide for that. 

Mr. Jacques: You have got to keep up its conductivity, 
its minimum retardation, any way. Then you have got 
to get rid of your cross-talk beyond that. You cannot sacri- 
fice anything for retardation here; if you did you would 
not talk at all, even if there were no cross-talk. 

Mr. Barrett : That is the logical proposition, that first 
you have to provide your talking circuit and get it so 
that you can talk, and that independent of whether you 
are going to have other circuits or not; and after that, if 
you have other circuits that interfere with it, then, logic- 
ally, secondly, the thing to do is to take care of the cross- 
talk. 

Mr Hall: We have reached that second point now. 

Mr. Barrett : We have reached the second point; but it is 
perfectly easy to take care of the cross-talk in metallic cir- 
cuits; there is no diffculty in doing it. It is not a question 
of expense of any account, or a question of trouble of 
any account. 16 is perfectly straightforward and simple 
to do. 

Mr. Hall; But that still is not the question. The ques- 
tion is, whether or not we should continue to lay up cables 
the way they are being laid up in New York now. 

Mr. Barrett: I should not suppose there was any ques- 
tion about that. I should think that would settle itself. 

Mr. Davis : We can take a vote on that and be unani- 
mous, I guess. 

Mr. Jacques: There is an absolute and safe way out of 
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the woods—to use double and twisted metallic circuits. We 
are absolutely sure of that. 

Mr. Sargent ; Is it absolutely sure that the mixed cable 
that the Western Electric are laying now in New York is 
the worst form? 

Mr. Hibbard: There isn’t anybody that asks for any- 
thing any worse than that, I guess. We have not had any 
demand for it. 

Mr. Hall: I want to go on record as saying that the 
present form of laying up cables in New York is, in my 
judgment, the worst form that could be adopted. 

Mr. Jacques: It is not the worst form that could be 
adopted. 

Mr. Hall: I said in my judgment. I can only cover what 
is ш my own experience, 

Mr. Jacques : It seems to me, considering the amount of 
knowledge that is generally diffused on this subject, that 
it isa pretty good form—that we have got along pretty 
well. We have been sailing along in the dark ever since 
telephones began to be used. 

Mr. Hall: I think we have all put in a good day's work, 
and I suggest that we adjourn until ten o’clock to-morrow 
morning. 


Adjourned to Thursday, September 8, 1887, at 10 A. M. 


NEW YORK, September 8th, 1887. 


Mr. Hall: In our discussion yesterday a great deal of 
time was given to the matter of working cablesin connec- 
tion with long-distance telephone service. To-day I think 
that our time can be profitably spent in confining the dis- 
cussion rather to the use of cables for telephone exchange 
work and central office work. It would be very desirable 
if we could agree upon some standard form of cable 
which could be adopted for all exchange work, not песез- 
sarily any particular manufacture or form of cable, but the 
general specifications as to conductivity, capacity, insula- 
tion, or matters of that kind; and as a basis for the dis- 
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cussion of that subject, we will hear the papers which Mr. 
Eckert and Mr. Sargent have prepared, giving reports of 
tests on cables which they have in actual service in the 
New York and Brooklyn exchanges. Mr. Eckert, will you 
read your paper, please? 

Mr. Eckert: In this paper I have only undertaken to 
show what we have, without any particular comment, 
and I thought we could get at the matter better by asking 
questions. I will start off with Brooklyn, and then get 
back to New York cables. 


Mr. Eckert read his paper, as follows: 


«А Few STATISTICS AS TO THE WORKING OF UNDERGROUND 
AND AERIAL CABLES. 


“ Brooklyn Underground Cable. 


‘In Brooklyn we have 3,880 feet of 50 Conductor No. 
16, English Gauge Paterson Underground Cable. After 
this cable was laid it measured 27 megohms per mile, and 
had a static capacity of 30 hundredths of a microfarad per 
mile. This cable has worked well ever since it was laid, 
January 20, 1886. "That is to say, it has worked as well 
as the overhead wires (trunk wires), that it took the 
place of; but it does not appear to talk up as ‘sharp’ as 
the Sixth avenue cables in N ew York City. А test made 
(5) months after laying this cable, showed no deterioration 
in insulation or static capacity. 


** First Cable Laid in New York. 


“Our first Paterson Underground Cable laid in New 
York was completed March 18th, 1885, with no special 
make up (manner of making). Number of conductors, 
one hundred; No. 18 American gauge; the longest or 
greatest length being 1,965 feet. The insulation measure- 
ment when laid was from one to one hundred megohms. 
The cause of this low insulation was from the necessity of 
cutting and splicing the cable, on account of the gas pipes 
in the street. This cable has worked well with no cross- 
talk, and with apparently no retarding effect. It was 
laid in wooden boxes filled with sand. The boxes were 
made from creosoted lumber. 


** Cables F'ifty-eighth Street and Sixth Avenue, from 
Twenty-first Street. 


‘The new Paterson Underground Cables which were 
drawn into the Dorsett Conduit on Sixth avenue, between 
Twenty-first street and Fifty-eighth street, were completed 
April 1, 1887, and consist of one (1) ninety (90) conductor 
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American gauge No. 14, one (1) of 100 conductor American 
gauge No. 16, and one, 110 conductor No. 18 American 
gauge. The conductors are spaced ү; of an inch apart. 
These cables measured from 500 to 1,000 megohms per mile. 
Static capacities, twenty-five hundredths of a microfarad 
per mile. We are working through the entire length of 
these cables from Twenty-first street to Fifty-eight street 
with very good results. The whole number of conductors, 
three hundred, are working satisfactorily. The dif- 
ference between the working of these cables and the 
Brooklyn cable is in favor of the New York cables; but for 
what reason I cannot state, unlessit be that the New York 
cables have a higher insulation. 
| '* Edison System. 

‘The Edison Underground System was completed June 
91, 1885, from Twenty-first street and Broadway, from 
Fourth to Sixth avenues, and also on Broadway, from 
Twenty-first to Twenty-third street; and all the conductors 
are in service that could be cut in, the conductors 
—200 in all—between Broadway and Sixth avenue, 
are working well. It may be well to mention that the 
conductors in this cable are transposed, or cross-connected, 
about every (60) sixty feet. The greatest length is 1,725 
feet. The insulation when laid was 500,000 ohms—static 
capacity, forty-hundredths of a microfarad per mile. This 
insulation has gradually increased with a slight decrease 
in the static capacity. 


“The Brooks System. 

** The Brooks System at our Spring Street Exchange, 
was completed May 28, 1885, and which consisted of draw- 
ing four hundred wires in cable into an iron pipe; the 
pipe filled with oil under pressure. The greatest length of 
this cable is 2,449 feet; No. 18 American wire gauge. In- 
sulation when laid was thirty megohms per mile. This in- 
sulation deteriorated, for the reason that water from some 
cause or other got into the pipe. The cable had to be 
drawn, and boiled out, drawn in again and fresh oil put in, 
and it is now again working satisfactorily; the present in- 
sulation being about thirty megohms. 


** Aerial Cables. 

‘Our aerial cables are all working well. The insulation 
for Paterson cable is about one megohm per mile and 
three hundred for kerite cables. he reason for not 
getting higher insulation on these cables is on account of 
its being impossible to make a perfect terminal box. 


«€ Submarine Cables. 
* We have some 15 miles of submarine cables in the 
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North River. The insulation of these cables is about 800 
megohms, and the conductors consist of three No. 18 
stranded wire, American gauge. 

' [will now show the result of some tests recently made 
by Mr. Seely, our electrician, and myself, from our Twenty- 
first Street Exchange to different points. 

" Experiment No. 1 was made with three miles of 
underground cable in the Sixth avenue conduit, three 
miles of iron wire, and 3,578 feet on the Brooklyn Bridge, 
in all say 61 miles. This test was made with Mr. Sargent 
and Mr. Reilly in their Brooklyn office. While it was not just 
what it ought to be, and what we should like for commer- 
cial business, yet it was satisfactory, all things con- 
sidered. ә | 

“ Experiment No. 2 was made with three miles of 
cables (underground): three miles of aerial cables, or a 
total of six miles. This test was made with Mr. Hibbard, 
in his office, 18 Cortlandt street, and was very satisfac- 
tory. All the underground wires in this test were grounded 
circuits, and from Thirty-ninth street to the long-distance 
E 18 Cortlandt street, were metallic circuit in aerial 
cables. 

“Experiment No. 8 wasa test made between our Twenty- 
first Street Exchange and Newark, №. J. Two miles of 
underground cable; one of submarine cable, and thir- 
teen of aerial wire—sixteen miles in all. This test was not 
satisfactory, although we conversed with the chief operator 
of Newark. 

“Experiment No. 4 wasa test made between Twenty-first 
StreetExchange and 18 Cortlandt street, and after testing 
with Mr. Hibbard, Philadelphia was put on the wire. This 
test was very satisfactory. We found that we could hear 
Philadelphia and carry on a coversation easier than we 
could with Mr. Hibbard at Cortlandt street. Mr. Hib- 
bard’s voice appeared to come from away down below the 
surface of the street; nor could his voice be recognized, 
had we been acquainted with the operator in Philadel- 
phia, we certainly could have distinguished his voice. 

'* We had connected in this test four miles of under- 
ground cables; three miles of aerial cables; and one 
mile of submarine cable, and eight miles of aerial wire; 
or, їп all, 16 miles.” 


Mr. Hall: In this test No. 4 you were talking with a 
single wire at Twenty-first street? 

Mr. Eckert: Yes. 

Mr. Hall: Where did you get into the repeating coil? 

Mr. Eckert; At Thirty-ninth street, 
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Mr. Hall: Is that stated in the report? 

Mr. Eckert: No; I only state where we were connected 
and had a conversation. 

Mr. Jacques: That is all within the formula, without 
reckoning it out exactly; but the surprising part is that 
you could not hear Mr. Hibbard. You would expect to 
be able to talk with Philadelphia, and you would expect to 
be able to talk with Mr Hibbard, too. 

Mr. Hibbard: It is barely possible that it was the fault 
of the transmitter at our office, perhaps, although it was 
the regular transmitter that I use every day, In common 
use. 

Mr. Jacques: In our experiments every set of instru- 
ments throughout the line is in perfect condition, and we 
use constantly four cells of battery in good condition, and 
it is absolutely necessary in experimenting to have your 
instruments all alike and all up to the standard. 

Mr. Hibbard: Аз І understand it, Mr. Eckert was talk- 
ing through a Blake, were you not? 

Mr. Eckert: Yes. 

Mr. Hibbard: And I was on a Hunnings. 

Mr. Eckert: So was Philadelphia? 

Mr. Hibbard: Yes, Philadelphia was on a Hunnings. 

Mr. Davis: What report did you get from Philadelphia? 

Mr. Hibbard: Philadelphia heard him. 

Mr. Eckert: I could have carried on coinmercial conver- 
sation there, or anyone could. 

Mr. Hibbard: It was about noon, I think; there was an 
operator on hand over there who is easily understood, that 
is, he is a good talker. 

Mr. Patterson: That is just about the result Mr. Seely 
and I got testing those cables six months ago. We had 
six miles arranged so we could switch it in and out, and 
the best conversation we got with anybody was with Phil- 
adelphia. 

Mr. Eckert: To find out the relation of the conductors 
as to the quality of transmission; this is the result. The 
volume of sound on No. 18 was 20 per cent. sharper than 
No. 14; the volume of sound on No. 16 was 10 per cent. 
sharper than on No. 14; the volume of sound on No. 18 was 
20 per cent. sharper than on No. 16. That is to say we 
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got a better general result from the 18 conductor than we 
got over the other two. 

Mr, Patterson: I think that is accounted for in the 
different static capacity. In the report, you gave the 
static capacity as about .25. That is above the average. 
No. 14 has a capacity of .261; No. 16 of .231; No. 18, .191. 

Mr. Eckert: І think that this No. 18 conductor is the 
best wire that I ever talked over. I was really aston- 
ished. 

Mr. Barrett: That is No. 18 American Gauge? ge c 

Mr. Eckert: Yes. It is a splendid talking wire. I 
would keep going from one to the other, and every timeI 
came фо 18it came up quick and it was perceptible. I think 
the difference would be noticed by a subscriber. 

Mr. Sargent: You say No. 18. What do you refer to 
particularly? "The conductors in the cables? 

Mr. Eckert: Yes. 

Mr. Sargent: You speak of the difference between these 
various sizes of wires; that refers to the conductor only. 

Mr. Eckert: The conductor only. The exchange was 
out entirely. We had aman at the other end of the 
underground work and we were in the batteryroom. The 
exchange was cut out. 

Мг. Hall: Mr. Sargent, if you will read your paper now 
we will take up the discussion of both of them together. 

Mr. Sargent: I am not able to offer my paper in formal 
shape, because I was delayed in getting the tests, and it is 
more in the shape of notes; so that if the stenographer will 
take it down I would rather that he would. 


** Previous to the spring of 1585, there were no cables in 
Brooklyn either on poles or underground of a greater 
length than 3,000 feet. Since then the length has increased 
in the underground conduits until we now have one length 
straightway of 7,180 feet. They are, with one exception, 
of the lead covered type, with a copper conductor of No. 
20 gauge, weighing about 20 standard pounds to the mile, 
covered with two wraps of cotton. Some are cabled together 
promiscuously, others are twisted in pairs, others are laid 
up in groups of four; one has tinsel braid interspersed 
amongst the conductors, and one is of okonite. The 

eatest length of 7,150 feet was manufactured by the 
Western Electric Co., the wires laid up promiscuously and 
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the cross-talk is very slight. In 7,180 feet there is not 
enough cross-talk to interfere with the commercial use of 
the cable. 

‘In another cable of 6,660 feet manufactured by the 
New York and New Jersey Telephone Co., the wires were 
twisted in pairs, and when first laid the cross talk between 
the two wires of a pair was almost as great as if they were 
in metallic connection, but between one pair and another 
there was practically no cross-talk. Profiting by the re- 
sults with the Western Electric cable, we decided to cross- 
connect this cable at the joints, so as to break up the pairs, 
and the effect of this was to distribute the cross-talk 
throughout the cable, but it was generally very much 
reduced. We have working through this cable 33 wires. 

* In another cable of the New York and New Jersey 
manufacture, 4,410 feet long, when first laid the cross-talk 
between the pairs was very bad, and although no attempt 
has been made to mix the wires in this cable, the report 
is and the observations show that the cross-talk is much 
less than it was before. 

* In another cable of 4,055 feet, where wehave100 wires 
working, we get the cross-talk on the pairs badly, but we 
get no serious complaints from our subscribers. This is 
‚ the cable that was referred to yesterday when Mr. Barrett 
spoke of the cross talk being so bad. Some of the New 

ork trunk lines are connected through it. 

* А cable manufactured by Brooks of Philadelphia, in 
which the wires were laid in fours,in a length of 900 feet, we 
found the cross-talk in the group very bad, but outside the 
group none atall. This is true of another length of the 
same cable 4,500 feet long. A Brooks cable 4,500 feet long, 
laid up with tinsel braid interspersed amongst the wires, 

roved to be so defectivefrom the start that we have never 

een able to use it to any great extent; we have never 
connected more than 15 wires through it. The insulation | 
of the wires varies greatly, as will be seen by the sheets 
that I have here; but on the good wires there was no per- 
ceptible cross-talk. 

** The okonite cable, which is 2,300 feet long, never gave 
us any serious trouble except that during last summer in 
very hot weather the insulation was as low as 45 megohms 
per mile. The cross-talk in this length never was serious, 
although it is apparent. The testsin the following winter, 
however, showed that the insulation was very nearly up 
to the mark, although not so good as when first laid. This 
cable has since been taken up to make room for more wires 
and now tests anywhere from 135 to 275 megohms per 
mile. The tests on the reel were made with all the other 
wires grounded, but the cable was not immersed in water. 
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Iam now arranging to have it placed in a tank of water 
and to make other tests to see whether it has been injured 
or has deteriorated by having laid in creosoted wooden con- 
duits for fully two years. The cable itself does not show 
any signs of deterioration on the surface, the material 
being apparently unaffected by contact with the creosote, 
or by the circulation of the gases in the conduit. 

“ The general result of nearly two years experience 
with underground wire, as reported by our trouble 
man, is that when the insulation is high the cross talk is 
bad, and especially so between wires that are grouped 
either in pairs or in fours; when the insulation gets low 
this cross-talk diminishes rapidly, and he notes also that 
while the cross-talk is very greatly reduced by the low 
insulation, at the same time there is a sort of a drag ог 
muffle in the talking. I give this as the experience of our 
trouble man because he is there for ten hours in the day 
and constantly testing, talking over all these wires, so his 
experience is considerably more than mine, because [ onl 
make occasional tests. My own observations agree wit 
his information, that there is this difference. 

“The amount of cross-talk that developed in the longer 
of the cables that I have just described decided us to in- 

crease the weight of copper and the thickness of the insul- 
` ation, and we now propose to manufacture a cable of No. 
18 standard gauge which weighs, as near as may be, about 
forty pounds to the mile, with four wraps of cotton. I 
have brought here a sample of that cable, which will show 
the exact method of manufacture. I feel satisfied from 
our experience with the 7,000 and 6.000 feet cables, 
that we never would be able to get satisfactory results 
with that type of cable on our trunk lines between 
Williamsburgh and Brooklyn, which will be, perhaps, 23 
or 3 miles in length. And the new type is being manufac. 
tured for the purpose of laying a length through between 
these points for the purpose of determining whether we will 
get results sufficiently good with the No. 18 gauge and the 

our wraps of cotton. | 

"In the first cables that were laid we were greatly 
troubled by loss of insulation. Investigation of the cause 
of this trouble developed that it was principally in the 
terminals which were not air-tight, with an occasional 
trouble in a joint, or by the admission of moisture 
through a crack in the pipe at a wiped joint. This 
will explain the variation in the insulation which the 
appended tests will show. The new terminals which the 

estern Electric Co., have put on within a year or a year 
and a half, I believe to be perfectly air-tight, and since 
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they have been connected these cables show a remarkable 
degree of insulation, and little or no deterioration. 

“I regret, of course, that our records are not as valuable 
as they might be, and trust will be in the future, for the 
reason that our work has been very much embarrassed 
and impeded by the action of the Board of Aldermen stop- 

ing our work and preventing the completion of our con- 

uits, and therefore from getting greater lengths of cables 
into service. Furthermore, the temperature in many cases 
was not noted, nor the state of the weather, both of which 
facts should be taken into consideration in any compara- 
tive tests of cable conductors. They are interesting, how- 
ever, as showing that lead cables can be made which will 
maintain their insulation and efficiency when proper skill 
and care is exercised in their manufacture and laying. 
The records which I have, show that the Western Electric 
or Patterson cable is surprisingly good, and I believe that 
the cable manufactured by the New York and New Jersey 
Telephone Company, will give equally good results when 
we are able to make as good joints and terminals as they 
are now putting on. The matter of making good joints is 
one of the most important things, and requires both skill 
and experience. I determined when we began the un- 
derground business to do that work with our own em- 
ployés, and have been educating two men for that purpose 
ever since we began, and they are now able to make very 
good joints. Аз far аз the material of the insulation of 
the two styles is concerned, the degree of insulation can 
be made equally good, independent of joints and terminals. 

‘The tests for capacity give very even, and, I believe, 
therefore, reliable results for the Western Electric cables, 
but indicate that the capacity of their cables is somewhat 
less than that of the New York and New Jersey, but as 
there is a difference in the size of the conductors and the 
thickness of the insulation, there is no absolute means of 
determining whether this difference is due to these con- 
ditions, or whether it is due to the difference in specific 
inductive capacity of the two materials. I think it would 
be interesting to have equal lengths of cable precisely 
alike, made up of the two materials, to determine whether 
there is any very great difference in capacity, and whether 
it is worth while to follow that line of investigation. 

“Referring again to the okonite cable. it remained in 
the creosoted wooden conduit for a little more than 
two years without showing any evidence superficially 
of decay or change in the character of the material. 
Our creosoted wooden conduits will have been under- 
ground three years this fall. A recent exposure of 
the boxes by the elevated railroad people shows that the 
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wood is perfectly sound, with no evidence of decay ; that 
the ducts are clean and dry; that the wooden rollers which 
were placed in the bottom move as freely as when first put 
in; that the iron nails, screws, wires, &c., used in the manu- 
facture show little or no oxidation —none where the metal 
is entirely immersed in the wood, and but slightly where 
it is exposed on the outside to the earth and moisture. 

“The first lead cables that were laid were manufactured 
by the Western Electric and Brooks of Philadelphia. The 
former have now been down almost three years, and the 
lead pipe shows scarcely any signs of decay. There is on 
the surface a hard white crust, but it is very thin and does 
not seem to be increasing with thé lapse of time. The 
Brooks cable at the end of eight months was found to be 
badly corroded, a crust of what proved to be carbonate of 
lead forming on the outside in that time 44 of an inch 
thick, cracking and peeling off whenever the cable was 
handled. Six hundred feet of this cable was drawn out on 
account of defective insulation and replaced by another 

1есе. This also has corroded badly. Otherwise the whole 
ength of about 9,400 feet is still in service, but the cor- 
rosion appears to be going on with every prospect that it 
will continue until the lead is destroyed. As far as my 
information goes the only difference in the lead of these two 
cables is that the Brooks claims to be pure lead, while the 
Western Electric has a small percentage of tin mixed with 
it for the purpose of hardening it. Profiting by the ex- 
perience with these cables the New York and New Jersey 
Telephone Company, in manufacturing cables, have also 
put in a small percentage of tin in the lead covering of 
the cables manufactured by them. In an examination 
made yesterday of one of these cables laid some eight 
months ago there is no evidence of the corrosion, and it is, 
in fact, in as good condition as a Western Electric cable 
which lies alongside of it. Both have a hard white scale 
on the surface. 

“The new type of cable that we propose to manufacture 
forlong lines, with about forty pounds of copper to the mile 
and four thicknesses of cotton, will be made up in a cable 
of 60 wires, which will be 11 inches diameter, or including 
the lead covering about 13 inches in diameter. We are 
limited to this size on account of the Dorsett conduits, 
where we propose to place these cables principally, having 
holes which are only two inches in diameter. А cable of 
50 wires, with this same conductor and thickness of in- 
sulation, 4,000 feet long was put up on the poles in Orange, 
and I expected to be able to give some electrical tests of 
this cable, but owing to some crack in the pipe the insula- 
tion has fallen so low that the tests are not of very much 
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value, although I have a report of the tests here showing 
what the insulation is, and also the static capacity, which 
appears to be about the same as that of the smaller con- 
ductors with thinner insulation. We expected that the 
cross-talk in this table would be less than with the smaller 
wires, and while I have not tried it personally our men re- 
port that the cross-talk is very materially less. Taking the 
capacity test as a guide we should not expect that it would 
be апу less. 

“In referring to the method of making up cables, I 
think it is decidedly better to have them made up in the 
regular cable form pof concentric circles, reversed, and if 
we were able to have the larger sized cables made up in 
that way I should have had it done. I find, however, that 
the manufacturers who furnish us the core do not appear 
to have any facilities for cabling wires, the general practice 
being to bunch them together and givethema twist which 
leaves the wires In indiscriminate relation with each other. 
The only advantage in this form of cable is during the 
period that they are used for grounded circuits, when our 
eee shows that the cross-talk is very largely re- 

uced. 

“That, I believe, comprises about all the remarks that I 
have to make, and in addition to that, I have brought here 
tests from our record of cables which I will read now. I 
willleave them for the inspection of the gentlemen present, 
and will refer to them when any discussion may seem to 
make it: necessary. 

** Perhaps as the okonite cable isa little different in type 
from any of the others, the figures for it might be interest- 
ing just now. This cable was first tested July 2, 1886. 
The maximum insulation was 111.1 megohms; minimum 
insulation 43. megohms. 

“April 2, 1887, the maximum insulation was 215. meg- 
ohms, and the minimum insulation was 86. 

** Neither of these observations have the temperature 
noted, and I think it might be fairto assume that that 
difference would be largely due to what would probably 
be the difference in temperature in those two dates. 

* On the 26th of August, 1887, this cable was tested on 
the reel after having been drawn out of the conduit (the 
other two having been made in the conduit), and it gives 
a maximum insulation of 387. and a minimum insulation 
of 81.7 megohms, and a capacity on the reel of .293 micro- 
farads per mile. 

** The diameter of the copper conductors of this cable is 
.035 and the insulation .111 of an inch. 

“ The insulation of the central wire of this cable which is 
laid up in what I consider the proper way to lay up cables, 


89 


has always been very much higher than any of the sur- 
rounding conductors. 

““ Referring to the capacity of the Western Electric 
cable, and the New York and New Jersey, the Western 
Electric varies from .22 to .24 of a microfarad. The ca- 
pacity of the New York and New Jersey cable in one in- 
stance gave .25 and in another .3 microfarads, and the 
capacity of the New York and New Jersey cable at Orange 
with a larger conductor and thicker insulation gives .3 of 
microfarads. 

“The cross-talk in many of these cables is a very serious 
matter, and while we are able to get along and do business 
over them, I think it is due more to the leniency of our 
subscribers than anything else. We have never attempted 
to bring the wires up to the efficiency that the American 
Telephone and Telegraph Co. are now endeavoring to do.” 


Mr. Barrett: There are one or two questions I would 
like to ask Mr. Sargent about what he said, or what I 
understood him to say, in the matter of the effect of the 
ditferent methods of laying up cables upon cross-talk. I 
think he said that he preferred to have the cable laid up 
so far as possible in reversed layers, and then he went on 
to say that there was more cross-talk in cables laid up 
that way so long as they were used as grounded circuits. 
Now is it not the fact that by a more or less systematic 
method of re-arrangement of the circuit from section to 
section, the cross-talk will be less, or as little as it is in 
cables bunched up indiscriminately and not put up in 
regular layers? 


Mr. Sargent: I believe that the cross-talk could be elim- 
inated in that way. I did not intend to convey the idea 
that the cross-talk would be very much greater in that lay 
up than it would be in the indiscriminate laying. The 
only actual observation that we have is on the okonite 
cable, which is only 2,275 feet long, to be precise, and the 
amount of cross-talk in that length of cable is not great. 

Wr. Barrett: From а wire in one layer on to a wire in 
another layer the cross-talk is little or nothing at all, as 
compared with that from one wire to a neighboring wire in 
the same layer? 

Мг. Sargent: Yes. 3 

Mr. Barrett; Then in that cable which was made in 
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twisted pairs, and where the cross-talk was so heavy, the 
original splicing of the cable kept the pairs together pretty 
closely throughout the entire length of the 6,000 feet. 
Afterwards the arrangement was broken up so that as far 
as possible no two wires were together beyond one section 
of the cable. That distributed, as I understand it, the 
cross-talk, so that it was about at the standard of the cable 
that was laid up indiscriminately. 

Mr. Sargent: There is only a difference of 500 feet in 
those two lengths. 

Mr. Barrett: The Western Electric was the longer? 

Mr. Sargent: That is the longer. 

Mr. Barrett; They are in dimensions almost identically 
alike, aren’t they? 

Mr. Sargent: As those samples show (exhibiting sam- 
ples), there is a difference in the thickness of the con- 
ductor, the Western Electric being .038 of an inch in 
diameter for the copper, and .087 for the insulation. The 
thickness of the New York and New Jersey copper con- 
ductor is .035 of an inch, and the insulation from .075 
to .076. I think the cross-talk is greater in the 6,000 
feet with the twisted wires, even broken up as they 
are, than it is with the promiscuous cable of 7,000 
feet. I believe we could remove the cross-talk in the New 
York and New Jersey cable by increasing the number of 
the cross-connections, but we were practically limited in 
these cross-connections by the number of manholes, and 
that does not make very many cross-connections; so that 
there are lengths of 500 feet or more in that cable where 
the wires are parallel and twisted. 

Mr. Hall: I have the statement here (see Test L, 
Mr. Hibbard’s paper) of the insulation tests on the 
eight miles of the twenty conductor Patterson cable, 
running from the cable house in Jersey City to Ber- 
gen Point, a distance of eight miles. This cable was 
described in Mr. Hibbard's report yesterday, and I think 
you all know what it is. This cable, I think, was made 
three years ago, was it not, or four years ago. 

Mr. Patterson: It was made in the summer of 1884, I 
think. 
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Mr. Hall: It was put up оп the pole line where if now 
is about a year ago. 

Mr. Barrett: It was not completed for the first tests 
until along into October or November. | 

Mr. Hall: After the first tests were made there were 
some faults discovered in the cable which were removed, 
and a test was made on the 4th of November last year, 
after these faults had been taken out. "That is correct, 
is it not? 

Mr. Patterson: Yes. 

Mr. Hall: The average insulation then of the conductors 
was 1,198 megohms рег mile. On the 15th of April, 1887, 
we had another test made which gave an average insula- 
tion result of 843.3 megohms рег mile. A test made 
September 14 shows an insulation of 246 megohms per 
mile. This shows a great falling off in insulation After 
lunch we will continue our discussion in respect to ex- 
changes. Mr. Patterson has a paper which he will read, 
and we will take up this afternoon the matter of the me- 
chanical protection of cables to prevent corrosion from 
sewer gas or any influences of that kind in the pipes. I 
will give a statement of our Philadelphia experience, and 
then if we have time we will give a little attention to cables 
for inside work, office use and switch board use. Mr. Patter- 
son tells me that his paper has a direct bearing on the ques- 
tion we want to discuss now, and so we will listen to him. 


Mr. Patterson read the following paper: 


“I have been inclined to doubt the applicability of any 
general formula as simple as resistance multiplied by ca- 
pacity as giving the correct working value of telephone 
circuits. First, the doctors disagree. 

** Mr. Preece says that the constant varies for the differ- 
ent materials of the circuit and gives for an overhead line 
of copper a value of 15,000; for copper cables, 12,000; and 
for overhead iron, 10,000. 

“Dr. Wietlisbach gives as the result of his experiments 
and theorizing that if C R equals 100, the transmission is 
excellent; if 300 it is good; 1f 1,000 it is possible; if 2,500 
it is impossible; making no variation for different trans- 
mitters. 

“* Dr. Jacques says that for the Blake transmitter the 
constant is 2,000, and for the Hunnings, 4,500. I do not 
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see how the. transmitter can be ignored as is done by 
Preece and Wietlisbach, as we have every day practical 
demonstration of their difference. I am inclined to believe 
that capacity, or the factors which affect capacity, have 
more than a proportional share in producing retardation. 
If the wires are near together not only is the capacity 
higher for the same material, but the dynamic or kinetic 
effect is increased and has a retarding effect on the cur- 
rent. If we connect a number of conductors in a cable in 
multiple arc the resistance is diminished and the capacity 
as measured, is not increased т a corresponding ratio, but 
the more such conductors we get in the circuit the worse 
it works. I think this has been observed on the eight- 
mile cable in New Jersey by Messrs. Hibbard and Barrett. 
Then all the determinations both of resistance and of ca- 
pacity are made by a galvanometer and a continuous cur- 
rent. With different combinations of conditions the gal- 
vanometer may give the same result, indicating, say, a 
balance as in a bridge. Substitute a transmitter for the 
battery and a receiver for the galvanometer in identically 
the same conditions and the balance may not be obtained. 

** А telephone circuit containing a condenser would show 
by any ordinary galvanometer test for resistance a prac- 
tically infinite number of ohms, but still we can talk 
through it. 

* But leaving all this as having more of a theoretical 
than practical interest, we are all agreed that resist- 
ance and capacity are the principal obstacles to tele- 
phone working, and they should be, as far as practicable, 
removed. In specifications for cable and line work I 
should be inclined to make separate standards of resistance 
and capacity, which should not be exceeded, instead of a 
product of the two. There are tliree ways of destroying 
the efficiency of telephonic transmission, by diminishing 
its loudness, by diminishing its clearness. and by confus- 
ing it with extraneous noises, such as are caused by 
induction or escape from other circuits. I have ап idea 
that resistance attacks principally the loudness and capac- 
ity, and other things which depend upon the same factors 
as capacity, attack the clearness. Iam not prepared to de- 
monstrate this, but offer it as a suggestion. 

‘‘In looking at the problem to see where we can get 
rid of the most resistance and capacity, we see that 
circuits in which we approach the limits are gen- 
erally made up of long pole lines and shorter cable 
lines, say 100 miles of pole line and 10 or 15 miles 
of cable. The great bulk of capacity is in the cable— 
.fresistance in the pole line. To reduce the resistance 
of the cable implies that we must increase the thick- 
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ness of insulation to keep a corresponding capacity, and 
consequently the size of the cable and of the conduits must 
be increased. If we reduce the resistance of the pole line 
the increase in its capacity is hardly appreciable, and there 
is no cost except the additional жоо of copper. Then 
the short lines around the exchange alone will work any 
way. They are many more in number than the long pole 
line. The money to be expended in increasing the size of 
all these wires and to correspondingly increasing the insu- 
lation would accomplish much more if applied to increas- 
ing the size of the comparatively fewer overhead wires. 
Let the money which is to be expended upon cables 
go principally to keeping the capacity low and the wires 
well apart. In case of the 100 miles of pole line 
and 15 miles of cable, referred to as an ilustra- 
tion, an increase in the size of cable wires from 
18 to 16 would reduce the resistance of the circuit about 
180 ohms. The resistance of the rest of the circuit is, say 
1,000 ohms. An increase in capacity from .2 to .3 of a 
microfarad per mile would mean a total of 1.5 microfarad, 
while the total capacity of the pole line is probably not 
over 1.5 of amicrofarad. As was stated by Mr. Barrett yes- 
terday, the exact determination of size of wire and cable 
is a commercial problem, and it is first for the purchasers 
to decide what they want to do and how well they want to 
do it; but I think this is the proper division of the work 
between the two kinds of construction. In pole work keep 
the resistance down at the expense of capacity; in cable 
work keep the capacity down at the expense of resistance. 
Of course it is a good thing to get resistance out of a 
cable and capacity out of a pole line, but the most advan- 
tageous expenditure of any sum determined upon, I think, 
will be in the direction indicated. From the C R formula 
we should infer that a cable with a specification of 25 
ohms and .3 microfarad was better than one with 40 ohms 
and .2 microfarad. But when combined with long lines 
the reverse might be found true. So each cable would 
have to be constructed to fit the circuit of which it was to 
be a part. But when used alone there is sufficient mar- 

in to enable either one to work well, and so I think that 
it is safe to disregard the resistance between reasonable 
limits and consider that the best cable for all purposes is 
one in which the capacity is lowest and the wires farthest 
apart. 

“There is an error in one of Mr. Jacques’ tables where 
he gives the specification of the Pittsburgh cables. The 24 
miles Paterson cable there is of No. 18 resistance, 35 ohms 

ег mile instead of 25. Making this correction, his pro- 
uct is increased only from 1,711 to 1738, showing how 
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little comparatively the resistance of the cable has to do 
with its efficiency. 

“ То come to figures, I would notin any case, except 
in aerial cables where weight is an insuperable objection, 
make cables, of a higher capacity than E microfarad per 
mile. If the space were limited so that we could not get 
Ше required number of conductors of 18 gauge, I would 
make them 19 rather than increase the capacity and re- 
duce the thickness of insulation. 

“ Another point on which specifications should be required 
is insulation. I believe that а permanent insulating ma- 
terial of low specific resistance would help us out of some 
of the troubles incident tolong-distance work. With any 
of the insulators now in use a low mileage insulation is 
good or of some fault in material or workmanship, and 
the chances are that it will grow worse. Therefore, a 
moderately high insulation should be required as a guar- 
antee of durability, good material and workmanship. Ап 
insulation resistance of say 500 megohms per mile on 
reels as delivered from the factory and of not less than 
100 laid and spliced should be required. To insure good 
and permanent work in splicing, and careful work in 
laying, it should be required to maintain this insulation 
for three months, six months or a year. 

‘The durability of the cable ol eas to water and gases 
may be made the subject of another clause in the speci. 
fication. 

"Instead of making the manufacturer responsible for 
laying and splicing, I believe it is for the best in- 
terests of cable purchasers to do the work them- 
selves and have corps of trained men who can be called 
upon at any time, in case of injury or accident toa 
cable, instead of being obliged to stand a delay of send- 
ing to the manufacturer for an expert, or on the other 
hand of making a botched job of it themselves. In case 
of repairs the manufacturer should be called upon only to 
make good any failure due to original defects, and in 
case кы doubt might be required to assume the burden of 

roof. 
" ‘‘In the arrangement of wires in a cable agaia it is for 
the purchaser to decide what he wants. If he looks only 
to the present and wants the longest cable that can be made 
to work with a long pole line and the least possible cross 
talk, on grounded circuits, low capacity is the first thing 
to strive for. If he wants the best cable for metallic cir- 
cuits at present or in the future, some plan of symmetrical 
arrangement must be used. Any symmetrical arrange- 
ment of twisting in groups or arranging in reverse 
layers will more or less increase the static capacity of 
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grounded circuits unless the size of the cable is increased. 
But for the best results with metallic circuits such ar- 
rangement is necessary. An arrangement in fours ‚ ар- 
parently offers some advantages for metallic circuit, since 
the opposite wires, which are to be used eventually for the 
two branches of the metallic circuit are separated by 
thick insulation and the compression is all between the 
adjacent wires. In Mr. Hibbard's plan of laying up wires in 
the regular way in reverse layers the necessity of remaking 
the splice is avoided, and it seems to me to offer the best 
conditions for both classes of work." 


Mr. Hall: I would like to ask Mr. Patterson, Mr. 
Jacques and Mr. Barrett to answer this question. Having 
given an outside diameter of insulated wire is there any- 
thing to show what diameter of copper wire will give the 
most effective cable considering both the resistance and 
static capacity * That question is suggested by Mr. Davis 
in this form: That assuming а space of 1 of an inch as the 
largest available room for a conductor, what sized wire 
should be used in that space ? 

Mr. Patterson : Ithink that theoretically the size of the 
wire would vary with the different circuits on which it 
was to be used, but for general use every where and under 
all circumstances I should be inclined to favor about No. 
18 B. & 5. gauge, about 35 ohms per mile, and fill the re- 
maining space up with insulation in preference to using 
heavier conductors. In getting sizes smaller than that 
the resistance begins to increase rapidly and soon counis 
up. When you get down as low as number 22 the resist- 
ance would be quite an item. 

Mr. Jacques: What do you mean when you say theo- 
retically? 

Mr. Patterson; That in determining any product the 
relative value of the length of cable and the pole line 
would come into account; that you might get at the same 
product by varying these different factors in different 
ways, and that it would probably be found to give better 
results if the cable was fitted to a certain pole line. 

Mr. Jacques : Then why do you suggest No. 18 and 35 
ohms, and filling up with paraffine? Just asa Bente: result 
of your experience? 

Mr. Patterson: Not because I arrived at it, or can de- 
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monstrate it by any absolute proof, but because in practice 
it appears that that size gives, asa general thing, better 
results. | 

Mr. Jacques: That is, a general result from having 
made a large number of cables. / 

Mr. Patterson: Having made cables from sizes 26 to 14, 
it has been my observation that this is about the best size 
for the best results in all the different conditions. 

Mr. Hall: Mr. Jacques, will you give us your opinion? 

Mr. Jacques : I can only give an opinion that is based, 
on the work which I have done and which I give an ac- 
count of in my paper. If that work be considered as ac- 
curate and reliable, it is simply a question of mathe- 
matics to calculate out the proper relation between 
the diameter of the wire and the diameter or thick- 
ness of insulation. It is simply a matter of arith- 
metic to do it; but, apart from that, unless we have some 
reliable general formula (and I do not know of any other), 
Ido not see but what we are entirely at sea. 

Mr. Davis: I think it would be very interesting to see 
if your figuring out corresponded with Mr. Patterson's ex- 
perience. 

Mr. Jacques : Ithink so myself. I havea memorandum 
down here to do that. I will do it in a few minutes. It 
will take a little time; it is hardly worth while waiting 
for it. 

Mr. Hall: Then you will answer that question more 
specifically later? 

Mr. Jacques : Yes. 

Mr. Hall : Mr. Barrett, will you give us your best judg- 
ment in answer to these questions? 

Mr. Barrett: In laying out some cables which the New 
York and New Jersey Company are making for their own 
use we had gone on step by step through several different 
dimensions of conductors until we had come finally, so far 
as our experience went, to the general position that we 
thought best to put into an insulation of 4 of an inch, a 
No. 18 standard gauge wire. That is a little larger than 
the wire which Mr. Patterson speaks of; the static capacity 
is a little higher also: it is nearly .3 of a microfared per 
mile; 60 of these wires make a cable of something over 
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an inch in diameter. I would doubt whether any ma- 
thematical computation would give you results for general 
purposes where you have to combine cable lines with 
all sorts of other lines—other cable and other pole lines— 
under all sorts of conditions. Ithink that that would 
probably be best worked out by a wide series of actual ob- 
servations. 

Mr. Jacques: You can do better than that; you can cal- 
culate it for any specific case, and of course for any aver- 
age that you choose to take. 

Mr. Barrett; It is pretty hard to get the statements for 
just what they have to meet; the conditions are hard to 
state it seems to me. If you can get your statements, the 
working out would be more simple. 

Mr. Davis: Wouldn't the result be different with the 
proportions in a cable 50 miles long, and a cable one mile 
long? 

Mr. Jacques: That is, considering simply cables? 

Mr. Davis: Simply cables. | 

Mr. Jacques: No; it would be just the same. 

Mr. Barrett: In your formula, Mr. Jacques, can you 
calculate the maximum? 

Mr. Jacques: The maximum amount of copper that can 
be allowed? 

. Mr. Barrett: Yes. 

Мт. Jacques: You can calculate the amount of copper 
to be placed within paraffine, whose diameter is given. 
You can calculate the amount of copper to put in there to 
get the maximum effect. That is what I am going to do 
now. 

Mr. Hall: Mr. Barrett, if you change from No. 18 Stand- 
ard gauge to No. 18 American gauge, which would be 
about two sizes of the Brown and Sharp gauge, and it 
would reduce the capacity from .30 to .20 of a microfarad, 
would you consider it a desirable change to make? 

Mr. Barrett: I don't think I should. I would like to 
have the static capacity as low as possible, but I want 
a good sized wire also. The point that we fixed upon was 
the result of observations, more or less extended and sys- 
tematic. 

Mr. Hall: The resistance of No. 18 Brown and Sharp is 
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given in this table as 33.7, and of No. 16 (which is about 
the equivalent of a No. 18 standard gauge), аз 21.2; so that 
you have an increase in resistance by the smaller wire, of 
about 50 per cent., with a reduction in capacity of about 
33 per cent. So that practically, the question comes 
whether 1 is worth while to increase the resistance 50 per 
cent., to get a reduction in capacity of 33 per cent. 

Mr. Barrett: So far as I go, itis more a matter of obser- 
vation than of speculation. 

Mr. Patterson: The percentage will not be the same 
working through a cable, asin an entire circuit. When 
you get outside the cable, about everything you have to 
contend against is resistance, the capacity is a small 
item, comparatively; sothat instead of 50 per cent., as com- 
pared with an entire circuit, it would be perhaps 10 or 20 
per cent. difference in resistance, and in capacity, it might 
be half of the entire circuit. 

Mr. Hall: I was asking the question then, in reference 
to an exclusive underground system, in an exchange, con- 
sidering only the cable in relation to local work, and not 
in relation to connection with the outside world. 

Mr. Barrett: Here is one of the observations that were 
made in that direction. In talking from here to Philadel- 
phia, through eight miles of aeriel cable, the circuit being 
in one instance through Nos. 1 and 2 of the cable, and in 
another instance through 19 and 20 of the cable, the con- 
ductors 1 and 2, measured up 232 ohms, and 19 and 20, 
1,382 ohms. The capacity of each conductor 1 and 2, is 
9.95 microfarads; of 19 and 20 it is 1.6; and the record of 
the observation was, that on taking the maximum of over- 
head wires, without the cable, as 100; in the cable pair 1 
and 2, it was 70; and in the cable pair 19 and 20, was 50. 
That is, the cable in combination with the pole line. 

Mr. Patterson: In the construction of that cable the wires 
were not covered to the same external diameter in each 
case, but our instructions were as near as practicable to 
make them of the same absolute thickness, regardless of 
the diameter of the wire itself; so that there is not as much 
variation in capacity as there would have been if the 
smaller wire nad been covered up to the diameter of the 
large one. 


99 


Mr. Barrett: The variation is as between 1.6 апа 2.3 
microfarads. 

Mr. Hibbard: That is to ground, I understand. 

Mr. Barrett: Yes; that is what we figure on all the time. 

Mr. Hibbard: All these obsrevations are on metallic 
circuits. 

Mr. Barrett: When I give you the microfarads it 18 to 
earth alwavs. 

Mr. Hibbard: The others were to each other. 

Mr. Sargent: Do you think that the gain is very much 
larger, that is, the percentage larger, by reducing the ca- 
pacity than by reducing the conductivity? 

Mr. Patterson: Do you mean in a circuit entirely of 
cable? 

Mr. Sargent: Yes. 

Mr. Patterson: I think that in any practical circuits 
such as would be required to work over, there will be suf- 
ficient margin so that there will be nowhere near the limit in 
either case, but when you come to combine them with pole 
lines, as is absolutely necessary, the increase in capacity 
would count up faster than the increase in resistance. But 
even taking a cable line alone by itself I am not prepared 
to state it as an undoubted fact, but it is my idea that ca- 
pacity has more to do than resistance even in that case, 
how much more I would not undertake to say. That is, 
if not capacity, as we measure it and understand it, some- 
thing which is affected by the same factors which affect 
capacity, namely, the distance between conductors. 

Mr. Sargent: My observation is that with two cables, 
one of which is of small conductors and the other of large, 
that the amount of cross-talk is less with the larger con- 
ductor, although the capacity in both cases is the same. 

Mr. Barton: That is a question of cross-talk instead of 
retardation. 

Mr. Hall: Mr. Jacques will give the result of that ques- 
tion now. 

Mr. Jacques: My figures give the No. 16 copper wire as 
the size which if put into that amount of paraffine would 
give the maximum conversational power. 

Mr. Barrett: What gauge is that? 
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Mr. Jacques: No. 16 English gauge; it is quite different 
from Mr. Patterson’s. 

Mr. Barton: Would that be about the same as No. 14, 
Brown & Sharpe gauge? 

Mr. Patterson: Yes. 

Mr. Jacques: I don’t know whether Mr. Patterson 
meant his judgment to apply to wires used only as cables, 
or the general results of all sorts of combinations, cables 
and pole lines, as they happen to come. 

Mr. Patterson: I was referring to cables for general 
use. 

Mr. Jacques: I don't see how there is any earthly way 
of forming an opinion upon it, for you can use them with 
all sorts of things. 

Mr. Patterson: But with such cables the length over 
which you can work on either one alone will be some- 
thing which you will never practically have to do. 

Mr. Jacques: I would like to ask Mr. Patterson a ques- 
tion. In his paper he refers to the kinetic effect. I would 
like to ask him what he means by the kinetic effect. 

Mr. Patterson: What is called also the dynamic effect; 
that is, when there is a current in one wire there is а 
current established in the other, apart from any static 
effects. These currents which are induced in neigh- 
boring conductors can have telephonically no other effect 
on the current there, than to confuse it and to render 
the sound less distinct. Even if they come from the same 
cause they will not fit in exactly with the original vibra- 
tions and increase them. 

Mr. Jacques: Have you any idea of the magnitude of that 
kinetic effect as compared with the magnitude of the tele- 
phone current in the circuit itself? 

Mr. Palterson: Itis very much smaller. "There is very 
little comparison between them, but it is like the sounds 
we get when on a metallic circuit; they do not fit in 
exactly with sounds which are already there. Mr. Jacques 
and I figured it up some time ago and on a cable one mile in 
length it would be less than one-tenth of one per cent., 
which would be entirely inappreciable, in fact not discov- 
erable except with very delicate apparatus. 
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Mr. Barrett: One-tenth of one per cent. from опе соп- 
ductor upon another conductor? 

Mr. Jacques: The dynamic current set up in the second 
conductor by the first conductor is less than a one-thou- 
sandth part of the strength of the first current on a cable 
one mile long. 

Mr. Barton: Now supposing you make your cable ten 
miles long. | 

Мг. Jacques: Then it is a less percentage. 

Mr. Barton: All right. And supposing you increase the 
number of surrounding conductors which have a reflex 
influence on the original conductor, and take into account 
that it is the summit of the wave that was clipped off, 
and that being clipped off impaired the clearness of your 
conversation; still, there might be an appreciable inter- 
ference, in a cable of practical length, with the conversa- 
tion due to a disturbance of that sort. 

Mr. Patterson: It seems to me it is about as Mr. Barton 
says. 16 is a sort of a dulling effect. You may have а 
sharp knife and you take off one-thousandth of the width 
of the blade from the cutting edge and it has a very per- 
ceptible dulling effect on the knife. It would not be so 
marked, of course, in this conversation, but I refer to that 
because it would probably act about in the same way. It 
all comes in a spot where we can least afford to have it. 

Mr. Jacques: In this connection I will say that the Com: 
mercial Cable Company have laid a cable from Nova 
Scotia to New York with two conductors (it is about seven 
hundred miles), and they cannot find this effect; so it is 
not very prominent. 

Mr Patterson: Are the two conductors enclosed in the 
same cable? 

Mr. Jacques : Enclosed in the same guttapercha cover. 
In fact 1 came to the conclusion long ago, and I think 
people who have looked into it have come generally to the 
same conclusion that the kinetic, electro-magnetic, electro- 
dynamic current, as you please to call them, can be еп- 
tirely and absolutely neglected in telephone work. They 
exist there no doubt, but it is very difficult to discover 
them. Of course you may say in answer to that that the in- 
duction coil depends on them to work; but in the induction 
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coil we have the wire coiled into a great many convolu- 
tions, and the effect multiplies in geometrical proportions; 
so that if we could take two wires and instead of having 
them spread out into a mile of cable wind them into a 
short induction coil, then that effect will multiply in geo- 
metrical ratio and become very prominent after a while; 
but we never have that, of course, in cables. The only 
cross-talk that I can conceive of is that which comes from 
electro-static induction, pure and simple, or from leakage 
from one conductor to another. 

Mr. Hall: Taking the answers to the question from 
these three gentlemen and putting them practically into . 
the Brown & Sharpe gauge, we have from Mr. Patterson 
a size of No. 18; from Mr. Barrett No. 16, and from Mr. 
Jacques No. 14, as the most suitable to put into an outside 
insulation diameter of one-eighth of an inch. Iam sorry 
we could not get them to agree. 

Mr. Jacques : You must understand that this is calcu- 
lated out for cables. Mr. Patterson gives his for cables 
and any pole lines, no matter what they ave. 

Mr. Hall: Let us have a clear understanding about 
that. 

Mr. Patterson: There are three cables in Sixth avenue 
of exactly these sizes of wires and, as near as can be made, 
of the same external diameter: 110, No. 18; 100, No. 16; 
90, No. 14. You can get equal lengths from those cables. 
I think Mr. Eckert referred to that in this paper—the test 
of the talking value of those cables apart from all other 
outside lines and connections. 

Mr. Hall: The object in asking this question, as I under- 
stand it, is to enable us if possible to reach some practical 
conclusion as to what those of us who are obliged to buy 
cables for telephone work should specify; bearing in mind 
the fact that the cables are to be used in the exchanges as 
they are now constructed and with reference to connect- 
ing on the trunk line systems, and on long lines also. We 
must decide among ourselves when it is necessary to give 
an order, just what we will order. The question is very 
practical to us—shall we have No. 16, No. 18 or No. 14; 
and when the time to give an order comes we cannot wait 
for further study or experiment, and we cannot give all of 
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the conditions under which that cable is to be used, except 
tosay it is to become a part of our general system, and we 
must decide what the size shall be. I think, Mr. Jacques, 
that perhaps you will modify your conclusion as, if I un- 
stood you correctly, you did not answer the question with 
relation to that proposed use. | 

Mr. Jacques: No. Well, all I сап say is that No. 
14 applies to exclusively a cable system. If you are going 
to introduce land lines it becomes smaller, and smaller in 
proportion to the length of the land lines. For a general 
city system where you have, say from one to ten miles of 
land lines it would come to be a No. 16; and if you were 
going to have still longer lines, lines 100 miles in length 
and upwards, whose resistance shall be, say, in the neigh- 
borhood of five ohms per mile, or larger, it would be still 
smaller than that. So that probably for long-distance work 
the most advantageous size of conductor to be put inside of 
that fixed diameter of paraffine and to be used in long-dis- 
tance work, would be in round numbers No. 16 and 
No. 18. | 

Mr. Davis : If I understand the result of the opinions of 
these three gentlemen it amounts to this: that for the 
cables for local work, that would be used in connection 
with long-distance lines, the smaller the wire, within cer- 
tain limits, the better. 

Mr. Jacques : Within certain limits, yes. 

Mr. Davis: That is to say, down to No. 18 American 
gauge. 

Mr. Hall : I understand you all acquiesce in the con- 
clusions of Mr. Jacques in reply to Mr. Davis’ question? 

Mr. Jacques : It seems to me that the result that Mr. 
Patterson has come to, and that Mr. Barrett has come to, 
and that I have come to, as to the size of conductor to be 
put in that specified amount of parffine, and to be used in 
general for exchange work and long-distance work, is 
about the same; that is, No. 16 and No. 18 Brown & 
Sharpe gauge. It certainly is not a very great variation. 

Mr. Hall: Then is it not also a conclusion in which we 
can all agree that about that diameter--outside diameter 
of insulation, one-eighth of an inch—is, considering the 
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matter practically, about as far аз we can go for exchange 
construction? 

Mr. Barrett: That is the conclusion that we came to in 
looking the matter all over, in Brooklyn, so that the speci- 
fications called for sixty wires in a diameter of a little 
over 1 inch. 

Mr. Sargent: The entire diameter of each wire is one- 
eighth of an inch, exterior. 

Mr. Barrett: This is the practical result from looking 
the question over, from all the considerations that occurred 
to us. 

Mr. Barton: I understand that the figure one-eighth of 
an inch in diameter for an insulated wire is regarded as a 
minimum; that is, you do nut want the outside diameter 
of an insulated wire to be less than one-eighth, and it is 
always still better if you can make it more than one- 
eighth. 

Mr. Hall: We specified that, not as a minimum, but as 
amaximum. That is, a maximum owing to mechanical 
considerations of the available space. 

Mr. Barrett: You gain electrically all along by enlarging, 
but you have got to strike a balance somewhere; and that 
seemed to be from our standpoint a balance, very nearly. 

Mr. Hall: That would be the balance from inechanical 
and financial considerations. 

Mr. Barton: The question is, there, purely a question of 
space and money. 

Mr. Davis: Entirely so. 

Mr. Barton: The electricians are like Oliver Twist; they 
always want more, and especially at that point of the 
specification. | 

Mr. Barrett: That was the balance between what I 
wanted in the direction of larger size and what Mr. Sargent 
and his people were willing to stand in the direction of the 
cost. That is about the state of the case. 

Mr. Hall: But if the No. 18 Brown & Sharpe gauge in 
an insulated diameter of one-eighth of an inch will give 
thoroughly good work for local exchange service and will 
be possibly better, or certainly better than a larger sized 
conductor in the same space, in connection with long-dis- 
tance work, having in mind the fact that the long-distance 
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work is going to become а more or less essential part of 
our service, would it not be better to take No. 18 Brown 
& Sharpe gauge as our standard size? 

Mr. Barrett: On those premises I should think it would 
be. 

Mr. Hall: Do you question the premises? 

Mr. Barrett: No, sir. 

Мт. Hall: Then can we not go on record, all of us, as 
agreeing that for the reasons which have been very fully 
stated and which I will not repeat, we would recommend 
for telephone exchange work a conductor of No. 18 Brown 
& Sharpe gauge insulated to an outside diameter of one- 
eighth of an inch. | 

Mr. Jacques : I think not, because where the restriction 
in the size of the conduit is removed it would be better to 
use larger wires and larger insulations. That recom- 
mendation will apply to New York City. 

Mr. Hall: If it will give in New York City a good work- 
ing cable system, I understand that you have computed 
that that would give ability to talk up to 25 miles of cable 
—is not that ample for the requirements of any other city 
in the country, and would not, to go beyond that, be sim- 
ply spending money without getting an adequate return? 

Mr. Jacques: Yes; but choosing that specification of 
cable that you have recommended you are limiting the 
possibility of long-distance telephony between cities widely 
separated. 

Mr. Hall: І appreciate that, but I think we will not be 
able te get beyond that limit for ordinary exchange work. 
That is, I think the exchanges are hardly in a position to 
justify the expense of building their lines solely with refer- 
ence to long-distance work. | 

Mr. Barrett : The point is, that that is about the limit of 
the commercial possibilities in that direction. 

Mr. Hall: И, їп order to get very long distance connec- 


tions, it is necessary to use, as it probably will be, better 


cables than that, then we will have to provide them separ- 
ately, as an independent system for the special customers 
whoare large users of the long distance service. When you 
get to carrying on long-distance service over extreme dis- 
tances, its use will be limited to a comparatively few pev- 
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ple, on account of the high tost of the service, and it will 
rather be in the nature of special-wire service. 

Mr. Barton: Your situation then will be somewhat 
analogous to that of the telegraph companies. For short 
lines, of three or four hundred miles, No. 9 wire answers 
very well. For long circuits, like a thousand miles, No. 4 
iron wire, or a copper wire of still greater conductivity is 
used with their fast systems of telegraphy. If the tele- 
phone companies do their local exchange work well, and 
do their long distance work well for distances of one hun- 
dred miles thev can, perhaps, then afford to take up after- 
wards, as a separate problem, the question of reaching 
further than one hundred miles. 

Mr. Davis : I would like to ask Mr. Hall what he means 
by percentage of efficiency as applied to conversation. 

Mr. Hall : I mean that taking the talk over the pole line 
wires as a standard, then cutting in the cable, one set of 
conductors after another, the volume of sound and its 
clearness, the average result fell off with the different con- 
ductors about in the proportions that I have stated. 


ÍNTERMISSION. 


Mr. Най: I think we finished our discussion this morn- 
ing on the cable question, except on the matter of the me- 
chanical lay up. Perhaps we had better take that up now. 

Mr. Barrett: It seems to me that it is very generally 
agreed that whatever system is adopted for doing away 
with cross-talk, whether by laying up the wires in single 
layers with reversed spiral directions, or laying up the 
wires in groups of two or four, these cables should be made 
up in layers—the groups ought to be cabled in layers as 
well as the single wires. Suppose you adopt groups of 
four, and have a large cable to make. These groups should 
be cabled in layers for convenience in manufacture. In 
the same way, if you have a large cable made up of pairs 
twisted together, the cable comes out in much better shape 
if the pairs are cabled in layers, rather than having the pairs 
bunched together. The cable comes out smoother and 
rounder, and handles better. So that I should say that the 
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method of putting up the cables in layers should be adoptéd 
as the best. 

Mr. Hall: You mean reversed layers? 

Mr. Barrett: Reversed layers; whether you use single 
circuits or group circuits. After that the question would 
be whether you want to run the wires singly, not in 
groups, and depend afterwards upon systematic transposi- 
tions at fixed stations, balancing up the circuits to remove 
cross-talk; or whether it is best to put in the wires 
in groups of two or four, for the same purpose. Now, as 
to putting the wires up in single runs, and transposing the 
pairs afterwards, it makes a somewhat more compact 
cable, and perhaps a more inexpensive cable, but it cer- 
tainly would involve an extra amount of care and atten- 
tion subsequently, when you came to lay out your system 
and fix your points of change and balance up, with refer- 
ence to making one circuit neutral to the neighboring 
circuits. You would be obliged to have a sort of map or 
scheme, and it would restrict you more or less about 
being able to tap in anywhere and lead out a wire, or 
to terminate а cable at any point, independent of the matter 
of cross-talk; because if your balance was uneven, then 
you would get some cross-talk. Just as in the kerite cable 
which we had up town, we had two miles and half (that was 
five half miles), and we put in our transpositions, not 
paying particular attention to the balance, and got some 
cross-talk, which was due to having three half miles on 
one side and two on the other; and we afterwards took 
one of the half miles and broke it up into two equal 
sections, so that we had two half miles and one- 
quarter on one side and two half miles and one-quarter on 
the other. Then our transpositions were absolutely 
effective. Of course in manufacturing a cable in that way 
you could arrange to putin the points of transposition 
much nearer together, making the sections shorter than 
half mile sections. You could even reduce it to one hun- 
dred feet if necessary; so that if would make you more 
independent of the points of change than we were in those 
long sections. The balance, if you had one odd section on 
one side more than on the other side, would not beso much 
upset. But if on the other hand you have a cable laid up 
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in groups of two or four you have a neutral condition 
of things between one pair and all the other pairs, which 
exists inch by inch through the whole cable; so that you 
need not consider at any subsequent time where your cable 
ends or what is the internal condition of things, except that 
the two of a pair are always kept together. That is all 
you will have to think about. 

Mr. Sargent: The amount of trouble in each case, 
whether laid up spirally or bunched together in pairs, in 
restoring them to metallic circuit conditions from a 
grounded condition, would be the same in both cases ? 

Mr. Barrett : Yes. 

Mr. Sargent : You gain nothing in either case, because 
the changes would have to be made—if you were working 
grounded for a while you would have to get at all those 
joints and restore the balance, in order to get the electrical 
balance for metallic circuit. | 

Mr. Barrett : That is soin either case, unless the method 
that Mr. Hibbard was figuring on should prove to be ser- 
viceable in metallic circuit work. If it is, it is a method 
of systematic general distribution that operates on metallic 
circuits. But as between making the transpositions 
according to the system that we have in use on the pole 
lines, and the method of grouping the wires in twos or 
fours, when you come to change from single wire 
circuits to metallic circuits you will have to cut into the 
cable at all the points of re-arrangement and bring 
them back to their metallic line relations. Mr. Hibbard’s 
plan proposes to introduce such an arrangement of the 
linesamongst themselves as would distribute the relations 
on the grounded circuit systems, and still maintain more 
or less perfectly neutral relations on the metallic circuit 
system. In such a plau as that there would be no need of 
having access to the inside of the cable subsequently; that 
is, you could change from one system to the other without 
changing the relations of the lines. 

Mr. Hibbard : The idea is that every wire in a cable is to 
have an equal exposure to every other wire. Ina run of 
one hundred wires it is intended to have an equal exposure 
of every wire to every other wire out of all of the hundred, 
or at least to every other wire in the same lay, it is a mat- 
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ter which is intricate. I understand, however, in talking 
with Mr. Patterson, that it is a detail which he would be 
able to handle asa manufacturer; in other words, he would 
make the cro$s-connections at the central point of each 
length; if he had a length of five hundred feet, at exactly 
one-half of it, he would connect according to this arrange- 
ment which is illustrated by Diagram 5. It is an arrange- 
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ment of sixes, and inasmuch as in almost all cables the 
" lays" are in sixes, it is applicable. I wish to say, how- 
ever, that I have only thought it out in theory and have 
talked it over with a number of people, I think with 
almost everybody here, and of course they, all of them, 
understand as much about it as I do, and perhaps more. 

Mr. Sargent: I cannot conceive, if after you have 
brought a single wire into the same relation to the other 
hundred, that you can also at the same time have any two 
wires bear the intimate relation to each other that the 
metallic circuit requires as wellas the different relations 
to the others. Ido not see how the two can be com- 
patible. 

Mr. Hibbard : I think that one of the first points in this 
plan is to not have a heavy enough exposure from any 
one wire to another to have a trouble from it. I don't 
know whether you have thought of it in that way. 

Mr. Sargent: I have not thought of it at all; but gener- 
ally speaking, I do not see how you could put one wire 
into the different relations with all the others and at the 
same time have two wires bear intimate relations with 
each other. 
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Mr. Hibbard: Of course it is a plan which you could 
only prove by operating it. I don’t know of anything 
which is a proof of it, I am sure, only as opinion would . 
go. 
Mr. Hall: Ав I understand it, there is no disagreement 
as to the idea that the lay of the cable should be so ar- 
ranged that using them for grounded circuits now, they 
wil be adapted thoroughly for future change to the 
metallic circuit system. I think, yesterday, there was 
either some misunderstanding between ourselves or some 
difference of opinion as to the desirability of such an ar- 
rangement. 

Mr. Jacques : I have a pretty strong feeling on the ques- 
tion of double and twisted metallic circuits, because I 
know that the double and twisted metallic circuit is an 
absolute cure for all cross-tal« and leakage—any disturb- 
ance that can come in; and it is very important to strike 
forthat if it is consistent with the mechanical construc- 
tion of cables, and I do not see as yet any inconsistency 
at all, particularly if we throw it into some form of double 
and twisted circuits, 2. e., in fours which is the same thing 
electrically, and which is just as efficient, and which is, per- 
haps, a little easier to construct mechanically. When it 
comes to laying up cables in reversed layers, Mr. Hibbard 
has worked that out very ingeniously indeed; but, as has 
been stated before, it is going to be a very difficult thing 
to keep to that plan right straight along all the time. 

Mr. Hibbard : Yes, it will. 

Mr. Jacques : You have got to keep continual watch on 
your cables, and, from what little experience I have had, 
it is а very difficult thing to do that. When it comes to 
the plan of indiscriminate mixing of conductors, I think 
we are all agreed that that is entirely inefficient for metal- 
lic circuit use. 

Mr. Hall: That is the particular point that I want to 
bring out at this moment. We all agree that the indis- 
criminate mixing method is wrong and ought to be stop- 
ped, and some systematic arrangement adopted. 

Mr. Jacques : That is my idea of the plan of a cable for 
metallic circuit use, and that some cable will have to be 
adapted to single circuit use—to common circuits; and the 
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only objection I see to it is the fact that when you have 
double and twisted metallic circuits in pairs, there is a 
stronger cross-talk between а wire and its twin in the 
other wires. That can be got over of course by occasional 
inter-connecting, something on Mr. Hibbard’s plan. If 
they are arranged in fours, then that phenomenon be- 
comes still less marked. I doubt if it be of practical im- 
portance. 

Mr. Sargent: In our experience in Brooklyn the cross- 
talk is just as bad between a pair of wires in a group of 
four as it is in a pair of twisted wires. 

Mr. Jacques: Well, that is merely an expression of 
opinion en my part. 

Mr. Sargent: That is a fact in our experience. 

Mr. Jacques : In either event, that can be got over by in- 
ter-connecting occasionally when you desire to use it for 
grounded circuit. Then, are we not all agreed that the 
double and twisted circuit is the best thing for metallic 
circuit use, and that there are no serious obstacles to it for 
grounded circuit use. 

Mr. Barrett: The point right there is, upon this plan 
you will have to go ahead and put in your cables as they 
are being put in now, for single circuit, and operate them 
so; and for that purpose you will have to put in re- 
arrangements at splicing points all the way through, 
to break up the arrangement. Then, when you come 
to adopt a metallic circuit system, you will have to go 
through and open those splices and bring back the 
arrangement of your pairs so that the two of a pair keep 
together all the way through. And it is just that point 
of having to break in on the cable at that time and make 
all those connections over again that constitutes the point 
of difficulty, it seems to me. If it were not for that I 
would have no further question about what my opinion 
would be as to what is best to do; that is, to lay the wires 
upin groups of two and break them up now and re- 
arrange them by and by back again into their symmetrical 
relations. 

Mr. Davis : Why is not the true way to use twisted cir- 
cuits and use them as a single conductor—use the two 
wires as a single conductor for the grounded circuit ? 
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Mr. Barrett : If you have wires enough allowed for that, 
it is the true way. 

Mr. Davis: Of course, if you are going to come to me- 
tallic circuit eventually you will haveto have that number 
of cables. 

Mr. Barrett : That simplifies the matter very much. 
Probably the best way would be, according to the obser- 
vations that -have been made on split circuits of that kind, 
to neglect one wire of the pair and use the other. 

Mr. Davis: I would use only one conductor. I would 
keep the two wires together from one end to another, 
because 1Ё you keep them separated it will be hard to go 
back and pick them up afterwards. : 

Mr. Hall: І am glad you brought that up. Iwas going 
to get at the same thing by asking whether the company 
could not better afford to put in the twisted conductors 
and stand a temporary loss of the investment on the sec- 
ond conductor until they come to a metallic circuit system. 

Mr. Barrett : That introduces a new element, and that 
is as between the two and four ina group. It brings you 
almost to the necessity of using two in a group instead of 
four in a group, because from either one of four you have 
cross-talk to the other three, while from either one of two 
you are practically limited to the other one in the serious 
cross-talk which you get. 

Mr. Davis: I think the necessity of only using one of 
the two wires as conductor becomes evident when you 
consider how the change will have to be made from the 
grounded circuit to the metallic circuit. It will have to be 
done in one night; you cannot do it gradually. You will 
have to change your switch board at the same time. 

Mr. Barrett : It seems to me you could calculate on your 
requirements with a metallic circuit and put in so many 
‚ pairstwisted together in groups of two, and lay your cable 
up and lay aside one of your wires for the present and call 
upon it when you get ready. 

Mr. Sargent: It strikes me that is the most practicable 
way, laying aside the question of expense; because my 
opinion is that the metallic circuits are not going to come 
on us gradually. As we get the underground wires connect- 
ed up and more subscribers working through them, and the 
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troubles that we get are increased, as perhaps they will be 
in multiple proportion, the cry will be so great that we 
will have almost at once to go into the metallic circuits; so 
that the question of providing for the future of metallic 
circuits is imminent, and that it is liable to be very sudden 
makes it all the more important. 

Mr. Barrett : We have done exactly that thing in Brook- 
lyn. Wehave some cables twisted up in pairs and we 
did lay aside temporarily some wires, using, so far as our 
conditions allowed usto,only one of each pair and laying the 
others aside. That is so in the case of the cable that is done 
up in groups of four. бо far as possiblethe working wires 
are distributed one in each group, and they work with per- 
fect satisfaction that way; but it involves just that point of 
business, whether you appreciate the subject keenly 
enough to do it that way. 

Mr. Sargent: It reduces your duct capacity seventy-five 
per cent. in one case and fifty per cent. in the other. 

Mr. Barton: There is one thing I think, perhaps, I 
ought to say in referenceto Mr. Davis’ remark. I have 
the impression that a,change from single circuit to metal- 
lic circuit in the different exchanges, say, for instance, in 
this one that is up stairs now, could be made one wire at 
a time, or any number of wires at a time that was convé- 
nient, and that it would not be essential that it all be done 
between two days. I think that can be done; but, never- 
theless, that is only a question of detail. The surest way 
of neutralizing cross-talk is a metallic circuit—either two 
wires twisted together or four wires twisted together. 
The method which Mr. Hibbard has proposed I should say 
was well worthy of trial, because, if, as is quite probable, 
it should turn out that the remedy for cross-talk is as good 
as the other remedy, then you are saving in expense. 

Mr. Eckert: І rather like Mr. Davis’ suggestion, Mr. 
Barton, particularly for New York, because we can get 
rid of any trouble there by grounding the twin wire—get 
rid of our disturbance. ОЁ course, it is an expensive lux- 
огу. 

Mr. Barton: It will bring the metallic circuit system 
into use much quicker because the wires are already pro- 
vided, i 
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Mr. Eckert: That is what we are aiming at more in 
New York than anything else. and we are going to carry 
off that disturbance by having both ends of a second wire 
grounded. 

Mr. Patterson: I think it would be a very serious mat- 
ter to undeftake to make the change from a grounded to a 
metallic circuit where it was necessary to remake all the 
splices. You would have several miles of cable, and 
where the blocks are short and the conduits crooked, as 
they are here, you would average ten splices per mile on 
these large cables. Now, even if one circuit is changed at 
a time, it is necessary that all the splices in that circuit 
should be changed, and that would necessitate the open- 
ing of these splicing Y’s, or whatever is used, a number of 
times before the work is all complete, and it would be dif- 
ficult to take care of that one circuit and test back and see 
if you are right all the time. There would be more or less 
delay in making the change. If the matter of expense 
is disregarded and the cables are put up now with suffi- 
cient capacity for future multiple circuit work and one 
wire of each pair kept grounded, it will be the best for the 
future. In the end it probably would be а question of 
present expense. ° 

Mr. Davis: It is the interest on the cost of a certain 
number of cables for a year or two. 

Mr. Barrett: The question is how to get the rest of 
those who have the same matter in hand to look at it the 
way you do. 

Mr. Sargent : The expense of all this work of changing 
at the joints, that Mr. Patterson speaks of, would cer- 
tainly be very great and go very far if it did not entirely 
counterbalance the expense of an extra wire, which, in 
the case of an absolute underground system, could be car- 
ried directly into the subscriber's instrument, and be ready 
there to connect at an instant; and it could be done in the 
central office, too; and you have everything prepared at 
once, with the twisted wire carried in to a subscriber, for 
an instantaneous change without any expense. $0, when 
you come to the question of relative economy, it is the 
difference between the first expense in the investment in 
that second wire which 16 will be necessary to have any- 
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how, the labor and trouble and annoyance of changing all 
these joints, which Mr. Patterson says are ten to the mile, 
which would be tedious and troublesome, expensive, and 
full of mistakes. 

Mr. Hall: І want to make a suggestion in that connec- 
tion which has just occurred to me. If we can put in the 
twisted metallic circuit in the first place, why would it not 
be a good ideato carry the metallic circuit connection— 
the double wire connection right up to the subscriber’s of- 
fice—then take his ground back to the central office and 
work him practically ona loop until you do adopt the 
metallic circuit system, and in that way get rid of all the 
induction in the present grounded system. 

Mr. Barrett: Not according to Mr. Jacques’ proposition. 
Perhaps for the purposes of the application of a formula 
it is the same thing. As far as the cross-talk it would be 
nearly the same thing as a metallic circuit. 

Мт. Davis: The ground is at the central office. You 
carry it to the subscriber, and he talks over the twin wire 
back to the office. Is the formula the same as if he talked 
over one wire? 

Mr. Jacques: Yes, you apply the formula to the single 
wire going from the central office to the subscriber. Then 
you just bring another wire back like it and you do not 
change the conditions in any way so far as ease of conver- 
sation is concerned, and you do prevent. the cross-talk. 

Mr. Hall: That would make the service in the New 
York Exchange, when they get this change made, practi- 
cally as good as it would be with the metallic circuit sys- 
tem. 

Mr. Barrett: The situation, it seems to me, would be 
exactly the same as it would be with a metallic circuit sys- 
tem complete with a ground tapped on. 

Mr. Hall: It would be a metallic circuit with one ground 
tapped on. 

Mr. Jacques: That is not quite as efficient as a metallic 
circuit. 

Mr. Hall: Not quite, but very nearly as good. 

Mr. Sargent : There is another thing in connection 
with the expense of the twisted wires, and that is that the 
number of wires that can be laid up in a cable that can be 
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drawn into a two and а half inch conduit is going to be 


less than it would be otherwise. If you are going to cal- 
culate for a hundred wires you do not get your hundred 
wires. Those cables are laid up, as I understand it, 
in the order of one in the center and an increase of 
six surrounding all the way through the system, so 
that you would get with one layer 14 wires and with three 
layers 38 wires, with four layers 74 wires, and with five 
layers 122 wires. 74 would be probably all you could get 
in one duct. 

Mr. Patterson: In laying up cables it is not necessary 
to commence with опе inthe center. By taking any other 
number, three, or four, or five, or putting in a small 
dummy iu the center to start from, we vary the size of 
the central starting surface, so that the number of wires 
to fill in is not uniformly in sixes. Nearly any number can 
be combined in acylindrical form by picking out at the 
start what you want to start with; and if it is necessary 
vary the thickness of the wrapping between the layers. 

‘Mr. Sargent: We start with the assumption that the 
pair or the fours would be of uniform size, and that there 
would be no artificial filling, that you could not afford to 
waste any space; and that is the way those wires lay up 
according to what Mr. Hotchkiss tells me. The informa- 
tion came from him and is not in my own knowledge. 

Mr. Patterson: The loss of space from starting from 
some other number than one in the center is very slight. 

Mr. Sargent: Any sacrifice of space is a loss of some- 
thing. 

Mr. Barrett: But а loss of space in making up a hun- 
dred wire cable in that way would not be very much. 

Mr. Patlerson: That sample, that you have there, I 
think contains twenty groups, while nineteen would be the 
proper number. That is arrived at by putting on a cover 
over the first seven, which increases it slightly, so that it 
takes another wire in the second row. 

Mr. Barrett: How would Mr. Hall arrange the system 
in the case of a run out of the ground anywhere on a 
pole line to a subscriber, without having the second wire 
to return in through the cable with? 

Mr. Hall: Then I would temporarily ground the return 
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wire at the cable terminal, and that subscriber would work 
on the ground circuit as well as he does now, but not as 
well as the other people in the exchange would work. 

Mr. Barton: To reduce that to figures, the probability is 
that in the one case, if Mr. Hibbard’s plan works well, 
you spend one dollar now until you require your metallic 
circuits, and you are out of your money to the extent of 
one dollar; in the other case you would spend something 
more than two dollars, probably between two dollars or 
two and a half instead of one dollar, which dollar to a 
dollar and a half you would be out of from the time that 
your cable is paid for until you use the metallic circuit 
lines. 

Mr. Davis: We will get over that by buying our cables 
on time. 

Mr. Hall: To be paid for as soon as used. 

Mr. Barton: I present that subject to your consideration 
purely as a passenger. 

Mr. Hall: As Mr. Barton seems to think that the plan 
suggested by Mr. Hibbard can easily be tried in practice 
and the results determined, it would seem to me very de- 
sirable to have a cable constructed as quickly as possible 
on that plan and the results determined. 

Mr. Hibbard: І should like to have an expression of 
opinion by any or all of these other gentlemen about that. 
I think that Mr. Barrett understands the idea, also Mr. 
Patterson. I think that Mr. Sargent does, although it 
may not have impressed him. But I think that it is an 
intricate plan to handle; there isn't any doubt of it. The 
only element that would help it out is the proposal to 
cross connect the sections at the manufactory. Even 
then, however, you would not have the ease in bandling 
or anything approximating it that you would have if you 
twist the metallic circuits in pairs. And in handling them 
of course we would rather handle the metallic circuits in 
pairs than to undertake an intricate arrangement of 
wires. 

Mr. Patterson: The only objection that I see to Mr. Hib- 
bard's plan is the one which he speaks of—the difficulty in 
handling the arrangement. I know in handling as simple 
an arrangement as the system of test wires that we have, 
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the man who does the work often gets into trouble. They 
have to keep а certain end of the cable pointed in a cer- 
tain direction, and I find that unless I give personal atten- 
tion to it there is apt to be a length reversed by somebody’s 
fault and it renders the whole thing useless. This would 
be even more complex I think. So far аз the transporta- 
tion of the wires in making cables is concerned I think 
there is no difficulty in that, and the lengths would have 
to be numbered so that they would correspond at the splic- 
ing points and certain lengths of cable would have to go 
together. And then, as I understand it, in case of any 
future extensions of that cable we would have to know 
just what we had already done on the cable and continue 
in the same plan. 

Mr. Jacques: Suppose that Mr. Hibbard's plan was 
adopted for cables and the records are lost, it would be 
absolutely impossible then to rectify the matter. On pole 
lines you can do it because you can go right to the pole 
and climb up or look up and see what wire is on what par- 
ticular part of the cross-arm, but in acable itisan absolute 
impossibility. 

Mr. Patterson: The only objection coming in there is 
something that I have known to happen a number of times 
and that is in measuring up lengths they get it wrong, 
perhaps just the length of a tape line. If such a thing as 
that happened to the cable and your record is then lost 
there would be no such thing as tracing it out. 

Mr. Hibbard: I don’t want any more objections, and as 
I say, I don’t ‘advocate the plan on account of its intri- 
cacy; but if you wish to have an expedient, I offer it as 
such. 

Mr. Patterson: If you had only so much as you could 
give your own personal attention to it would be all right. 

Mr. Barrett: The situation seems to be that the resplic- 
ing of cables in making the change from single to metallic 
must be avoided any way; that the difficulties of such work 
are so great that it would be impracticable to make the 
change; and that leaves only the two things to choose from. 
The one is to adopt Mr. Hibbard’s plan, and the other is to 
adopt the plan of putting in a metallic circuit—a pro- 
visional metallic circuit complete—and as Mr. Davis sug- 
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gests, use only one of ће wiresnow. That isthe best thing 
to do; it is the ideal thing to do if it can be endured com- 
mercially—if the commercial conditions will stand up to 
the present expense ofe that system. 

Mr. Jacques: I think those of you who have, or if any 
of you could just call up a few people around in New 
York, and then go to Paris, where they have a complete 
metallic circuit, and call up a few people there, and see 
the immense difficulty with which you can carry on con- 
versation here and the perfect ease with which you can 
do it there, you would not hesitate a moment to double 
the expense of wires to get that vast amount of improve 
ment in the service. It is a beautiful thing, the way the 
metallic circuit works in practice; absolutely no noise, no 
disturbance of any kind. 

Mr. Hall: We can get that here in New York. Wecan 
show you a very large number of metallic circuits work- 
ing right here in our office. 

Mr. Jacques: Yes, but in Paris that is true anywhere 
through the city, any subscriber. | 

Mr. Barrett: It is proposed, I understand it, to bring 
that state of things to pass as soon as possible. The 
question now is how to carry on the service with grounded 
circuits under such conditions that it is feasible to do so 
now, and at the time of change make the change prac- 
ticable. 

Mr. Jacques: That is what Mr. Davis suggests. 

Mr. Barton: It ought to be emphasized that during this 
time when you are out of your money you are carrying 
on all your work which passes over these lines with better 
conditions for the subscriber than you would otherwise. 

Mr. Barrett: On the plan suggested by Mr. Hall, that 
is, so far as practicable returning the ground wire into 
the exchange office, the service would be almost, if not 
practically quite up to the standard of the metallic circuit 
system. 

Mr. Patlerson: This is getting back to where we were 
eight years ago. АП the cables we made along at that 
time were made of wires twisted in pairs, only one of the 
wires intended to be used, and the other intended as a 
permanent ground, as an induction shield; but the com- 
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pany soon got so that they wanted to use that extra wire, 
on account of expense, and when they found they could 
make larger cables they wanted them filled up with a 
larger number of wires, and the principal thing we have 
had to do has been to see how many wires we could get 
into a certain space. 

Mr. Hall: As I understand the discussion now it has re- 
solved itself to this: That in order to carry on the present 
grounded business, and at the same time be in shape to 
use the same plant for metallic circuit service, it is neces- 
sary either to use the conductors twisted in pairs, using 
one of the pair as a return wire, or grounded, leaving it 
idle—a plan which has every advantage and from which 
tne results are absolutely known to all of us, or using the 
method which Mr. Hibbard has suggested as an experi- 
ment, provided that experiment results successfully. 

Mr. Eckert: 1 agree with you. 

Мг. Hall: I think I have reached a point where I ат 
ready to say that in nty judgment any exchange which 
contemplates a change to a metallic circuit system 
within the next two or three years should unquestionably 
adopt the twisted double wire arrangement. 

Mr. Jacques: Are we not really all of that same opinion? 

Mr. Hall: If we are, I would like to have it expressed 
and put on the record. 

Mr. Jacques: I am decidedly. 

Mr. Eckert: I am decidedly. ; 

Mr. Hall: Mr. Jacques is and Mr. Eckert is. Mr. Bar- 
rett? 

Mr. Barrett: Yes. 

Mr. Hall: Mr. Davis? 

Mr. Davis: Yes. 

Mr. Hall: Mr. Sargent? 

Mr. Sargent: Yes. 

Mr. Hall: Mr. Patterson? | 

Mr. Patterson: Yes. 

Mr. Hall: Mr. Barton? 

Mr. Barton: I hardly feel like expressing an opinion. I 
don't think my attitude ought to be one of having an 
opinion on that subject. It is for the man who pays the 
money to consider that. 
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Mr. Hall: As I understand the object of this conference, 
we all came here to give our opinions, not as manag- 
ers or electricians or cable manufacturers, but to give the 
results of our experience and judgment as to what would 
be for the best interests of the business. However, I ap- 
preciate your feeling. 

Mr. Barton: I do not hesitate, however, to say that if 
the metallic circuit system is going to come into practical 
use within a couple of years the loss of interest on the in- 
vestment during the intervening time is of comparatively 
little consequence. You would get a part of it back as you 
go along, and it is not for a long period. | 

Mr. Hall: Would it, т your judgment, be ап actual sav- 
ing as against the expense of opening the joints.of the 
cable and attempting to rearrange the connections to adapt 
it to metallic circuit? 

Mr. Barton: I would not want to try the reversed layer 
plan if it involved the making all the splicing over again 
when the change is made. Provided Mr. Hibbard’s pecu- 
liar system of transferring should prove to be an unquali- 
fied success, then the resplicing, as I understand, would 
not be necessarv. 

Mr. Hibbard: I would like to have the opportunity to 
add again that I am as much in favor of this twisted pair 
plan as anybody, and have only offered this intricate ar- 
rangement as a means out of a hole. 

Mr. Barrett: As a sort of last resort? 

Mr. Hibbard: Yes; as an expedient; that is all. 

Mr. Jacques: I don't understand that Mr. Hibbard's plan 
is a perfect cure for cross-talk in any event. Itis only a 
method of approximating to perfection, and the double 
and twisted plan is an absolute cure for all cross-talk. 

Мг. Hall: I think we have covered pretty fully now the 
subject of cables for outside use. "There is one other form 
of cable that comes into our service, that is the office cable, 
which is of importance only in connection with the large 
multiple switch boards. I would like if we could have a 
little interchange of opinion in regard to the best form of 
cable for use in connection with the switch board; but I 
want to ask that the discussion be confined absolutely to 
the question of the cables and the switch board connec- 
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tions without entering in апу way into the question of 
switch boards, because, if we ever get started on that it 
opens up a subject on which we can just as well stay here 
for another week and find something to talk about all the 
time. 

Mr. Barton: In entering upon that subject my iaea is, 
that the question of cables is so intimately connected with 
the question of circuit and the arrangement of apparatus 


on the switch board that I should like to bring Mr. 
Scribner, who is more familiar with that branch of the 


subject than any of the rest of us, into the circle of the 
discussion. 

Mr. Hall: Can you call Mr. Scribner over here? 

Mr. Barton: Yes. At any rate I would like to have him 
hear the discussion. 

Mr. Hall: Then before taking that up, while we are wait- 
ing for Mr. Scribner to come, I will take up the last matter 
which I had to bring up for consideration, and that was 
the matter of the mechanical protection of the cable 
against the action of gases or moisture or injury from 
without. The cables which we laid in Philadelphia 
were, for several reasons, of kerite. I think perhaps 
it would be well to state what the reasons were at that 
time. One was that we believed that with the kerite 
cable we would have very much less trouble with the con- 
nections; that instead of having to employ an expert to 
. go over there and make the terminal connections our 
ordinary force of men could run the wires to our sub- 
scribers and make these changes without difficulty and 
without bringing into our lines any trouble. It was with 
the idea of making the system just as complete and per- 
fect as possible. Another reason was that we commenced 
service there in the winter time; we commenced hurriedly, 
and we wanted a cable that we could put iu readily and 
connect up without the difficulty of working with lead cov- 
ered cables in the damp winter weather. The cables were 
put in with the belief on our part that they would be very 
efficient, and with the belief on the part of the manufac- 
turer that they certainly would be so, to the extent that 
he gave us à complete guaranty as to their durability, 
The guaranty was such that we did not make any test of 
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the cables at: the time they were laid, because it was guar- 
anteed that they should not fall off in insulation below 
100 megohms per mile in five years, except from mechani- 
calinjury. I had intended to have those cables thoroughly 
tested, but it had not been done up to the time that the 
arrangements were made for this conference. As soon as 
the conference was settled I asked Mr. Hibbard to arrange 
to have all of the Philadelphia cables thoroughly tested, so 
that we might know their exact condition electrically and 
mechanically. To insure a careful and thorough test, and 
in view of the fact that Mr. Hotchkiss had guaranteed the 
cable, I suggested to Mr. Hotchkiss that it would be 
agreeable to us and probably a satisfaction to him to 
be present at thuse tests, either personally or through 
some electrician whom he might select, who would co- 
operate with our electrician, and in that way the tests 
would be made jointly by the two parties interested. Mr. 
Hotchkiss went there personally with Mr. Hibbard and 
took Mr. George Prescott, Jr., to assist in making the 
electrical tests. The result of those tests was a complete 
surprise to him and to us. I have here a full record of 
the detail tests with all the cables. It is not, however, 
worth while to give the full record. I will give you the 
record of one cable as a sample of all. This cable (you 
have here a sample of the cable) is 2,480 feet long, made 
up of 38 conductors, of No. 16 Birmingham gauge, insu- 
lated to six thirty-seconds with kerite. There was 
one splice in this cable, and the first test made showed it 
an extremely low insulation. The first thought of every 
one was that the trouble was at the joint, and the joint 
was taken out and found to be very defective, for the 
reason that it was made originally as a temporary joint 
with the intention of changing it. The change had been 
forgotten and this original temporary joint was in the 
cable. The cables were laid November 28, 1886, and the 
tests that I am giving you were made on the 3136 of 
August, 1887. After making a new splice the cable 
tested as follows: 
The core, 128 megohms per mile. 


The first layer adjoining the core, 116.57 megohms per 
mile. 
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The second layer, 43.9 megohms per mile. 

The third layer 2.38 megohms per mile. 

Practically that was the condition of all the cables, and 
the indication is apparently clear that the insulation is 
giving out from some cause which is affecting the insulat- 
ing material and working through from the exterior of 
the cable towards the centre. The manufacturer attri- 
butes this result to placing the cable in a conduit made 
of creosoted wood. I want to say that I have brought 
this matter out fully here, because I believe it is a matter 
of scientific and practical interest to us all, but the tests 
have not yet been completed and our investigations may 
lead to a different conclusion as to the cause of failure. 

As an offset to the bad report which I have given you 
of the Philadelphia work, I have a letter from Boston 
which points to a very different condition of things there. 
Mr. Davis informed me day before yesterday that in 1883 
the American Bell Telephone Company laid a number of 
cables of different makes in the iron pipe conduit system 
in Boston. The cables afterwards being turned over to 
the New England Company. I wrote at once to the New 
England people asking for information as to the condition 
of those cables to-day, if they were still in service, and if 
they were not in service why they had been given up and 
when, with any other information as they might be able 
to give at such short notice. In reply to that letter [ have 
received this answer: 


** BOSTON, September 7, 1887. 
* EDWARD J. HALL, Esq., 
‘‹ Сет? Manager Amer. Tel. & Те]. Co., 
‘No. 18 Cortlandt St., М. У. 
** Dear Sir: 


“In reply to yours of September 6th, referring to under- 
ground cables laid down in this city several years ago, I 
have collected the following information to-day which I 
trust will answer your purpose to-morrow. If you desire 
more extended report I shall be happy to give you further 
information. | 

“In February, 1883, there were placed in the conduits 
four Patterson lead cables, one Day kerite cable, and one 
E rubber cable, and in April, 1853, two Clark rubber 
cables. 

“The Phillips cable gave out in September, 1884, and 
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the two Clark cables in March, 1885, on account of defec- 
tive insulation. The two latter cables were removed at the 
time, but the former was not removed until February, 
1887, as it could not be conveniently taken out until that 
time, and the covering was found to be badly rotted in 
many places. The Day kerite cable was taken out in 
February, 1887, in first-class condition. The space it oc- 
cupied in its exit from the underground conduit to the 
terminal distributing point was needed for a more compact 
cable and a 100-wire Patterson cable was substituted, the 
change enabling us to gain sixty-four more conductors in 
the same space. 

** The Patterson cables are still in use and giving satis- 
faction, although all have been temporarily abandoned for 
causes explained below and were afterwards put into use 
again. One of them was partially destroyed by electric 
light trouble on its outside aerial extension, and the other 
three were drawn into one tube and were supposed to have 
been strained and were abandoned on account of ground- 
ing. Subsequently, it ош however, that the wet- 
ting was caused by imperfect jointing at the underground 
terminal, and upon being cut back at the next manhole 
they were found to be in good condition and have worked 
satisfactorily ever since. 

‘‹ As the remaining portions of these Patterson cables 
have been permanently spliced at each end, a test for in- 
sulation would hardly be satisfactory, but I will have one 
made if you desire. 

“ Yours truly, 
* W. J.,DENVER, 
** Gen’l Manager.” 


The matter of the kerite cable is of very much 
more importance than the simple change of the 
cables which we now have in, in Philadelphia. However 
far we may go in the direction of using lead covered 
cables, we, I think, all of us have expected to use kerite 
or rubber or some form of cable of that class for terminal 
wires, short runs into.subscribers’ stations, and more or 
less perhaps for connections between cables in the man- 
holes. If the insulating material of that class of cable is 
going to be seriously affected by use in underground con- 
duits, or in the particular form of underground conduits 
which is used perhaps more generally than any other to- 
day, that is, the creosoted box, we ought to know it at 
once; and I confess I am at a loss to know just how we 
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are going to meet the difficulty of distributing our wires 
with any other style of cable. The experiment was tried 
by us in Philadelphia of extending subscribers’ wires 
through single conductors of rubber insulation, covered 
with a sheathing of lead; or in other words, a lead cable 
having but a single conductor in it. We ran, I think, in 
an extreme case half a mile of metallic circuit using this 
single conductor lead covered wire, and we found that the 
Hunnings transmitter would not work through it satis- 
factorily, and we had to abandon the use of the wire. 

Mr. Barton: Retardation ? 

Mr. Hall: Presumably on account of retardation. The 
articulation was affected and muffled so that we could not 
get distinct talk. 

Mr. Barton: Metallic circuit? 

Mr. Hall : Yes, metallic circuit. 

Mr. Barton: How long? 

Mr. Jacques: Half a mile of metallic circuit. 

Mr. Hall: On Mr. Jacques’ theory it would be half a 
mile. 

Mr. Jacques : Half a mile hitched on to something else ? 
You did not find it was impossible to talk through the half 
mile alone ? 

Mr. Hibbard : No, on its own original, half a mile, it 
was all right; that is, practically all right. If, on the 
other hand, you would connect it up into New York it was 
away off—it was all gone. 

Mr. Jacques: You have a very large capacity there 
multiplied into the resistance of the whole line. 

Mr. Hall: That would be a very troublesome form to 
use in making connections with the terminals of the lead 
cable. I want also to state that for the City of Philadel- 
phia we put in a three-wire clover-leaf ‘‘ Standard ” cable. 
We are required to furnish three wires to the City Electri- 
cal Department, and they designated the ''Standard" 
cable as the one they wanted to use. After we had put 
in the first piece, very shortly after I examined it in the 
manhole and found quite a considerable amount of white 
deposit on it ; and at the time of the examination, on the 
31st of August, when we examined the kerite cable, we 
found that corrosion had become quite serious. In some 
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cases, I understand, it scaled off about an eighth of ап 
inch, so that the question of the absolute destruction of 
that cable would seem to be one of.a very short time. 

Mr. Jacques: That is the action on the lead. 

Mr. Hall: The action of something on the lead. 

Mr. Barrett: That was the soft lead — just the lead 
alone, without the tin. I don't think they put any tin in 
that. 

Mr. Hall : Is there any desire to take up that matter any 
further in the discussion ? 

Mr. Barrett : Mr. Sargent’s experience with the okonite 
cable might count for something. Hehas had the okonite 
cables in а creosoted wooden box for two years without 
any serious effect. 

Mr. Sargent : I mentioned in my remarks our experi- 
ence with the okonite cable. That laid in the creosoted 
wooden box for two years, and the insulation of that cable 
to-day on the reel—I forget the exact figures, they are in 
my tables—is very good, and there is no appearanceof any 
decay at all. But we have the same difficulty about one 
of our lead cables which was furnished by Brooks of Phila- 
delphia. The lead was put on by Tatham Bros., and the 
corrosion of the lead was very rapid. The Western Elec- 
tric cable was made with the admixture of tin. Our ob- 
servation after nearly three years! experience, and exposure 
of the cables, indicates that this alloy prevents this cor- 
rosive action. The scale that forms and cracks off was 
tested by Professor Plympton of Brooklyn, and he said it 
was carbonate of lead. He attributed the formation to 
the action of the gas in the conduit. 

Mr. Hall : Not the creosote gas, but the water gas ? 

Mr. Sargent: His opinion is that there is no gas given 
off by the creosoted wood whatever. He at present has 
not changed his opinion that that action on the lead pipe 
in Brooklyn is due to the street gas rather than to any 
effect from the wood, or from any gas in the wood. In 
fact, he does not think that any gas comes from the wood. 

Mr. Hall: The matter that I referred to in Philadelphia 
will be more fully investigated, and at some future time 
we will probably be able to make another report and give 
you the final conclusion. I have mentioned it to-day as a 
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matter of very great importance and very great interest, 
but it is still in the stage of investigation. 

Mr. Patterson : While we are on the subject of the con- 
struction of cable there is one point I would like to speak 
of, and that is the conduits, leaving out of the question 
the material or shapeof theconduit. Itis generally turned 
over to a civil engineer, and from the civil engineer's stand- 
point it is a very good job of work, but for the purpose for 
which it is designed, take it all through, it is very often 
poor; that is, the duct capacity is generally out of all 
proportions to the splicing room capacity. In the case 
of the lead-covered cables the safest joint is a sleeve joint, 
soldered tight to the main cable, but in many cases there 
s no room to put on a sleeve, and we have to make other 
kinds of joints. 

Mr. Sargent : Is the splice in the conduit itself? 

Mr. Patterson: No, the splice is in the manhole. The 
capacity of the manhole is altogether smaller than the . 
duct capacity of the conduit. You cannot splice as many 
cables in the manhole as you can get into the conduit. 

Mr. Davis : I would like to ask if the joint that you do 
make is as good or as effective at least as it would be with 
a sleeve? | 

Mr. Patterson : I don't favor it as a sleeve joint, because 
it is accessible. А man may go there and do testing and 
he may leave something loose behind him. If it is soldered 
up tight you may know that it is there permanently. If it is 
arranged with screws and bolts it may be left open some- 
times when it ought not to be. It is seldom necessary to 
open à joint in a cable for any purpose. "Testing can be 
done without opening these joints. 

Mr. Davis : What sort of joint do you make? 

Mr. Patterson : What we are obliged to make in those 
small manholes, where there is no room for a sleeve, is a 
casting in the form of a Y, with a large opening and two 
small ones. The cables are brought in through the smaller 

openings and the splicing is done in the large one. This 
takes up more room than a sleeve splice would, and yet it 
is necessary, because there is no room to handle a sleeve 
splice, because when the work is done the sleeve will have 
to be slipped back over the pipe. 
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Mr. Davis: Is the manhole up Cortlandt street of suffi- 
cient size ? 

Mr. Patterson : That is а good one; and there is one 
good one in Boston, corner of Franklin and Pearl streets, 
and there is one good one building in Chicago; all the rest 
are too small. 

Mr. Davis: Those are the only two that were put in 
under a civil engineer. 

Mr. Patterson: I understood that this Sixth avenue job 
was. 

Mr. Hall: That was under several civil engineers. Itis 
necessary, to get a fair result, to limit it to one. Iam 
very glad, however, that you have brought up that point, 
because it is one that is of very great importance. Of 
course, it is absurd to provide a lot of duct capacity and 
not have room in the manholes to utilize it. 

If there is nothing more on this branch of the subject 
we will take up now the office cables. Mr. Scribner is 
here. 

Mr. Barrett: 1 would like to call attention to a point 
which Mr. Patterson was making outside when we were 
looking at the iron pipe in the street, and that is the import- 
ance of having the inside face of the conduit ducts smooth 
and clean; otherwise the cable goes in hard, sticks and 
gets injured. Too little care, as far as my observations 
go, has been given to that particular in constructing ducts 
for cables. Mr. Patterson gave an illustration of an in 
stance which he had in mind in Chicago, and they 
have trouble right along with the roughness of Dorsett 
conduits. 

Mr. Patterson: As far as the convenience of drawing 
cables in is concerned, there is nothing so good as the 
creosoted wooden box. It is softer than the cable, and it 
will be abraded rather than the cable. It is smooth, and 
there is very little friction in drawing it in. 

Mr. Hall: Let us take up now the matter of the central 
oftice cable, and I believe that is the last one that we have 
before us. The way in which this came up is, that recently 
Mr. Sargent and myself had quite a discussion with Mr. 
Scribner and Mr. Thayer, at the Western Electric Office, 
in reference to the cables that should be used in wiring 
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multiple switch boards. The Buffalo company is about to 
put ina multiple switch board in Buffalo, and at the re- 
quest of that company Iam looking after the arrangements 
for it. Mr. Sargent is about to put one in in Brooklyn; 
and we had heard various complaints from Boston and 
from Albany of cross-talk in the board. We want to 
avoid as much as possible every source of trouble, and the 
point was made that if the cables could be improved in any 
way in the central office it is very desirable that it should 
be done. The question then is, whether the cable which 
is now being used to wire those boards is the best that 
could be used for the purpose, or whether some modifica- 
tion cannot be made. If we assume that that is the best, 
then it seems to place us in the position of inevitably hav- 
ing a certain amount of cross-talk, which we will have to 
put up with. If wecan get rid of that cross-talk we want 
to do it. 

Mr. Patterson : If you limit the size of the cables to the 
size that has been used here in this building I think that 
silk wire is the best thing that can be used. It is not 
hygroscopic and does not require the care in protection 
from the atmosphere that cotton does, and for the thick- 
ness it has the lowest capacity. 

Mr. Hall: Then the question comes up whether you 
cannot effect a greater separation of the conductors, than. 
you have in the cables that you are using now, for wiring 
the boards, and still further reduce the capacity. 

Mr. Scribner: By using a forty-wire cable instead of 
two twenties we are able to get the wires further apart, 
and perhaps be able to make the cable one-half larger. We 
can make them larger by using silk to increase the size 
and reduce the capacity, without increasing the cost of 
material. 

Mr. Patterson: There is another thing that Mr. Carty 
suggested to me this morning which struck me as a very 
good idea, that is to cover the wire first with. silk, as they 
do now, and then put on acoarse single winding off cotton 
for the bulk of the cable. Then when we come to the end 
where the wires have to be distributed, take of the cotton 
and depend on the silk insulation. Then when we get back 
into the middle of the cable where the wires are nearer 
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together and the bulk is no objection we have the large ` 
size and low capacity. 

.. Mr. Sargent: Will that take away all of the cross-talk’ 
in the board we propose to use in Brooklyn and Buffalo f 
That is to say, our board will be fifty feet in length; do you 
anticipate that cables made up as you have just described 
will give us a switch. board free from cross-talk in itselt? 

Mr. Patterson : In the construction of these cables there 
is one thing that I would like to inquire, and that is, in the 
use of metallic circuits would the switch board cables re- 
quire to be changed? 

Mr. Jacques: They ought to be double and twisted in 
the same way decidedly. It seems to meevery conclusion 
we bave come to in regard to underground cables applies 
to switch board cables; that from the style of the multiple 
board you are obliged to get everything into small space. 
The form should remain the same and the proportions 
should remain the same. 

Mr. Patterson : Thenif that samearrangement is carried 
into switch board cables you would do away with cross- 
talk f 

Mr. Jacques : It ought to be carried into it. 

Mr. Hibbard : What would you do with the inoperative 
end in the office? 

Mr. Jacques: What is the inoperative end? 

_ Mr. Hibbard: It is the end that is practically out of use. 

Mr. Scribner : Do you mean the test wire of the multiple 
system? 

Mr. Hibbard: No, I refer entirely to the matter which 
I don't think you heard early this afternoon. It isa ques- 
tion of using a double conductor. 

Mr. Barton : Still my idea is that the test wire now used 
would become the return wire of the metallic circuit. 

Mr. Hibbard : But as I understand it it is a wire that is 
always open, and that would hardly apply to the arrange- 
ment. 

Mr. Barton : You can connect it in with a metallic circuit 
when the time comes for using metallic circuits. The test 
wire would then become a part of the metallic circuit. 

Mr. Scribner: That is right, Mr. Hibbard. The wire 
which is now open and which is used as a test wire would 
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be connected directly into circuit with the line. The return 
circuit of the metallic circuit would be connected to it; so 
that the metallic circuit would consist of the present 
circuit through the board, through the enunciator and 
thence through the test wire out to the subscriber's 
station. 

Mr. Hall: It seems to,me absurd for us to talk about 
going to the great expense which we have all advocated 
this afternoon to prepare for the metallic circuit system 
and get rid of cross-talk outside, and then start in at the 
central office with a great amount of it. That is the only 
point of our telephone system that is absolutely under our 
control—under our own roof in some cases, and always 
under our own management. I should be very sorry, in- 
deed, if I thought that the multiple switch board that is 
going in to Buffalo would have in it any such amount of 
cross-talk as they have in the Albany board. 

Mr. Scribner: When you get into the metallic circuit 
system you can have'your cables in the switch boards met- 
allic circuited just as well as you can have your wires out- 
side; but induction and cross-talk which you now have is 
between single wires entirely. Where you have a single 
wire system I do not see any way at present of getting 
clear of cross-talk; the only question is how little you can 
have. 

Mr. Hall : You do not see any way of getting rid of the 
cross-talk in the boards ? 

Mr. Scribner: Not with single wires—to get rid of it 
entirely. There must be some cross-talk. 

Mr. Hall : I understand, Mr. Hibbard, there is no cross- 
talk in the multiple board in Milwaukee? 

Mr. Hibbard: That is an old apparatus and larger in 
every way, occupying, I think, all of two and a half times 
the extent that this new board in the New York Exchange 
does. It is a fact that in the Milwaukee board there was 
no induction whatever.  Ialso think that that experience 
was had in all of the earliest exchanges operating the 
boards. 

Mr. Scribner : Single wire or cable ? 

Mr. Hibbard : Single wires; huge bunches of them. 

Mr. Scribner : Where the boards were wired with single 
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wires instéad of cables, when they had room to do it, the 
wires run here and there and everywhere, then two wires 
would not be together for more than two or three feet of 
their length, and those boards had no cross-talk practically. 
Where the boards are condensed and where you must have 
cables, and cables of small size, where you must have the 
boards near together--in all of these there has been cross- 
talk. The cross-talk has never been serious enough to 
complain of. The cross-talk at Albany was the first we 
have ever heard a subscriber complain of. In a conversa- 
tion Г had with Mr. Hall, he said that the subscribers 
at Boston had made some complaint of cross-talk. Up to 
that time I never had heard of subscribers complaining of 
cross-talk in any of the switch boards. 

Mr. Hall: The point I want to make, and make as 
strongly as I can, about that, is that we are proposing to 
spend a large amount of money in our outside construc- 
tion to do away with cross talk. Now, if it is inevitable 
that we must have cross-talk in the central office, then, 
of course, we must submit to it and make the best of it; 
but a very small amount of cross-talk—a very much 
smaller amount than we have ever had in any of the 
grounded circuit systems—would be very seriously trouble- 
some in an exchange constructed as it has been suggested 
this afternoon that the Metropolitan Exchange be con- 
structed; that is, with the subscriber on a loop grounded 
at the central office, but still worked as a single circuit 
through the office; the reason for it being that his circuit 
being quiet, the slightest disturbance would be very per- 
ceptible, whereas, now it is mixed up with some other 
noises and drowned out. If yourcompany has exhausted 
all possible means of elminating the cross-talk in the 
boards, that, of course, is the end. 

Mr. Barton: We have just begun. 

Mr. Hall: If you have not exhausted it I want to make 
the point as strong as possible, that you shall follow up 
every clue that will give you a method of still further re- 
ducing it. Mr. Patterson has suggested this afternoon a 
method which had not been thought of when we had our 
conversation before on thissubject. Another point which 
was brought up by some one in conversation since our 
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meeting, was that you might have the connection from 
the back of your jack—the wire connection from the board 
might be attached to the jack in the first place, and car- 
ried out and the joint made outside of the switch board, 
instead of going out after you make the connection, right 
in the mass of wires. In that way the men could work 
more readily and easily. I do not offer that as a solution 
of the matter, but as a suggestion that possibly in that 
direction you might find something. 

Mr. Scribner : The question of accessibility would come 
in there, handling the spring-jacks themselves in case of 
trouble. 

Mr. Hall: A way out of that was suggested, by using 
the McIntyre joint instead of the soldered; having a tool 
to slip in and cut the connection, and then insert, when 
the jack is out, a new connection, either by soldering or 
by screws. 

Mr. Hibbard: An additional item is, that almost half 
or over half of all induction in this apparatus is on account 
of the attachment of each line when in use to an open ex- 
tension; that is, it has a leg on to an open test, has it not? 
The test is open? 

Mr. Scribner : It is. 

Mr. Hibbard: And it is attached on every line in oper- 
ation. In other words, it is one plate of a condenser con- 
nected to every line in operation? 

Mr. Scribner: Yes. 

Mr. Hibbard: I should think that over half of all in- 
duction experienced in our apparatus is on account of that. 
Now, asI understand it, it is an easy thing to overcome? 

Mr. Scribner: Yes, it is. 

Mr. Hibbard: You can overcome it in a number of 
ways. What is your arrangement? 

Mr. Scribner: A double cord and plug, and the sleeve of 
the plug grounded, and keeping it separate from the line. 
The induction can be reduced materially in the system by 
using that plan, and it simply requires a change of cords 
and plugs. This would also reduce the capacity of a given 
line through the switch board —— 

Mr. Hibbard : Half? 
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Mr. Scribner : Not half, because there is more cable that 
is in a direct circuit than there is of test cable. 

Mr. Hibbard : But all of this is open. An open test is 
infinitely worse than if it has a ground on it, as we know— 
as an inductive influence. Don't you think, therefore, 
that in that one proposed change there is enough of 
economy of induction to make it advisable to have it 
effected in any large exchange? 

Mr. Scribner: I really think that in a large exchange 
1{ would be worth while doing. 

Mr. Hibbard: Mr. Barton, what do you think? 

Mr. Barton: I understand that for metallic circuit, as 
quick as you connect that open wire into the circuit you 
do away with the open wire, and in that way alone you 
reduce the effect without any corresponding change, for 
instance, in the method of making the test. Say you can 
reduce half by the metallic circuit system; that you can re- 
duce another half (that will make three-fourths in all) by 
changing the method of working the test. And there are 
still other methods as compared with any apparatus which 
is now ia use--still other methods which would probbaly 
reduce the effect another half, if it is troublesome. 

Mr. Hibbard : Three-halves we have now. That is all 
we can ask for. | 

Mr. Barton : Down to one-eighth. 

Mr. Jacques: On the question of capacity, there was 
one experiment I made. It occurred to me some time 
‚ ago that there might be some cross-talk in the multiple 
switch-board in Boston because of the direct static 
capacity from one wire to another wire; so I 
measured the capacity of a wire and found it to be .06ths 
of a microfarad. Then Mr. Carty said that he had not 
connected on the test wire; and he put the test wire on, 
and that brought the capacity up to.12 of a microfarad 
--just double. Now, .12 of a microfarad is a large enough 
capacity for us to be able to talk right through it without 
any connection at all, if experts endeavor to do it and do 
it in a quiet time. So that evening we made up our con- 
nections on three contiguous lines (we had no metallic con- 
nection at all), and found that we could carry—well, 
hardly a conversation, but we could catch something. 
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That gives you the figures, and gives you the result that we 
obtained. Now, it seems to me that inasmuch as the New . 
York multiple board is going to be enormously larger, it 
probably would have larger capacity, and therefore that 
feature would become more prominent. 

Mr. Scribner: A new plan of wiring multiples has been 
suggested, and put into practice. The Pittsburgh board 
has been wired with cables running directly back of 
the boards instead of running one from each board 
down through a trough and up to the next board. This 
cuts down the cable at the back of the board over half. It 
reduces the capacity, of course, just that much, and the 
resistance just that much. The resistance of a multiple 
board does not amount to much; it is pretty low—on 
short cables. By using that system of cabling and using 
ihe grounded test—that is, the test grounded by special 
device instead of having them crossed to the lines again— 
you could reduce it three-fourths. 

Mr. Hibbard: I have on hand a report of a test through 
a section of the new apparatus in the New York operating 
office. It is a measurement which was made by Mr. Bar- 
rett, and which is, I know, accurate, and the figures in it 
were much higher than those named for the board in Bos- 
ton, very much higher. 

Mr. Scribner: That is, the capacity? 

Mr. Hibbard: The capacity, yes; and especially on the 
open tests; the capacity was extremely high, either to 
each other or to earth, or to other lines; and of one line to 
any other line. Ithink, on the other hand, the insulation 
was high, extremely high. 

Mr. Scribner: You measured on the line ? 

Mr. Hibbard: Yes. 

Mr. Scribner: I think likely Dr. Jacques! measurements 
were made with the cotton covered cable at Boston, in- 
stead of the silk. When were those measurements made? 

Mr. Jacques: They were made six months ago, perhaps. 

Mr. Scribner: They were undoubtedly made on the 
cotton cable, and the cables here are silk; but there are 
silk cables in Boston, put in since Dr. Jacques' test. 

Mr. Sargent: I understand the Pittsburgh plan of wiring 
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reduces the amount of the cable one-half, and thereby re- 
duces the cross-talk in it. 

Mr. Scribner: There is no serious cross-talk in Pitts- 
burgh. By wiring the board on the Pittsburgh plan, you 
would reduce each cable at the back of the board, from 
21 feet to 8 feet, and that, multiplied by 44, would give you 
the length which you have to talk through; and by using 
the test wire, grounded independent of the line, you reduce 
that just half again. 

Mr. Hibbard: Is that accomplished in this board that 
you speak of—the test, I mean, independent of the line 
wire? 

Mr. Scribner: No, that is not done; but you can not hear 
a conversation from one line to another in the same cable. 
There are five boards and the cables are seven feet long 
each. There are 35 feet of cable at the back of the boards. 
No, there are more than that. 

Mr. Hall: It may seem, perhaps, like a small matter to 
follow the subject of cross-talk down into five such short 
cables; but it reminds me of the manufacturer who had a 
very wasteful engine and boiler. He made up his mind that 
he would effect all the economy possible, so he went to 
work investigating heaters, patent grate-bars, dampers, 
regulators, and various things of that sort, each one of 
which was guaranteed to save from ten to twenty-five per 
cent., until he eventually succeeded in figuring out a theo- 
retical saving of something like 250 per cent. ‘That is 
pretty nearly our position on the cross-talk business. We 
want all the saving that we can get at every point. 

Mr. Barrett: It seems to me, following on the line of 
what is substantially concluded as to outside cables, that 
it would be logical to carry the twisted pairs through into 
the cables which serve the back of the switch board, if it is 
possible to do that. It has been decided as the sense of 
the meeting, that it is desirable to lay up the cables 
for outside service in twisted pairs as a provision for the 
future metallic circuit; and the same course pursued in 
through the switch hoard cables would be entirely effective 
when you come to the metallic circuit system, for the 
same purpose. | 

Mr. Hibbard: I think, however, аз I understand it, it 
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was the idea to have the other end of each circuit attached 
to the earth at the office end, and if that is to be done it 
is of course impossible to have it enter the apparatus itself; 
you cannot do it. 

Mr. Barrett: You can lay your cables up that way, and 
provide your switch boards for that connection in the 
future, and do as it was proposed to do in some cases— 
lay aside that wire. You cannot use it for any other 
purpose. 

Mr. Hibbard: You can only leave it open. 

Mr. Hall: You can put a local ground on, can’t you? 

Mr. Hibbard: I don’t think you could do it at every 
jack. 

Mr. Scribner: As long as you had any single wires in 
the multiple switch boards you could not have a return 
circuit in the switch board cable, twisted in and grounded, 
or connected іп any way, similar to the plan propose’ of 
arranging the outside cables. The wire would have to be 
single through the switch board as long as you were work- 
ing any single wires in that switch board. When all your 
lines became metallic circuits, then there would be no 
difficulty in connecting all switch board cables and having 
them twisted in pairs if you so desired. When you 
reached that point you would be entirely free from induc- 
tion and cross-talk. | 

Mr. Barrett: Is it possible to arrange the switch board 
now on the single circuit system so that it can be converted 
readily into the metallic circuit system, under which you 
can have the twisted pairs and use them? 

Mr. Scribner: Yes. 

Mr. Barrett: That would be desirable if it is possible to 
do it within reasonable limits. 

Mr. Scribner: No change whatever is necessary at the 
switch board. The only thing necessary would be to run 
the cables just as you want them finally and connect 
them up for the present for single lines and simply change 
the connection at one end of the board when you come to 
metallic circuits. 

Mr. Barrett: That is right along in the line of what 
they have veen proposing to do for their outside circuits. 

Mr. Scribner: There is no difficulty at all in arranging 
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the switch boards so as to connect on to the ends of the 
metallic circuit cables outside when all of the lines are 
metallic-circuited; but as long as you have the single 
lines in the system you must have your circuit grounded. 

Mr. Jacques: They will be grounded outside of the 
cable. 

Mr. Scribner : Certainly. 

Mr. Barrett: Would it not be well then to set that down 
as a starting point, just as desirable as what has been con- 
cluded as to outside circuits, that you should put in your 
cables in twisted pairs, switch board-way, because if you 
use twisted pairs outside and stop there you are handling 
only one portion of the problem, leaving the other portion 
untouched practically. 

Mr. Scribner : The only thing you сар do more than you 
have already done in the Cortlandt-street board, for exam- 
ple, would be to twist the wires in pairs. Everything is al- 
ready done. You take asingle jack through the system and 
there are but two wires. There are but two lines through 
the system. Both of those lines loop in at each jack, and 
those two lines would have to be twisted together to pro- 
vide for the future metallic circuit. They would have to 
be kept together all the way through the system, and it 
would be worse for that single wire system —it would be 
worse во far as cross-talk is concerned with that arrange- 
ment than to have them cross-connected all through the 
system —if cross-connecting is of any benefit. 

Mr. Barrett: There are no more wires, then, in a metal- 
lic circuit switch board than there are in a single circuit; it 
does not double the number of wires as it does outside? 

Mr. Scribner: No, it does not. 

Mr. Hall: Gentlemen, the time has just about come for 
adjournment. Has any one anything that he wants to add 
to the record before we adjourn stine die? 

Mr. Jacques: It seems to me as that isan extremely im- 
portant question, connecting up switch boards, we ought 
to get it definitely decided whether they should be con- 
nected up into a double and twisted circuit. 

Mr. Scribner: I should object to twisting them in pairs 
at present, because you are going to increase the cross- 
talk while providing for metallic circuit in the future. I 
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should think the present plan of connecting them up would 
be the best, as long as you use singlelines. You have got 
two wires together through the entire length of the cable, 
as I understand it. 

Mr. Hibbard: But one is a line and the other is a test? 

Mr. Scribner: Yes. 

Mr. Hibbard: Its own test? 

Mr. Scribner: Its own test. 

Mr. Hall: Mr. Davis suggests that as this subject has 
come up rather unexpectedly, and there are other matters 
which, before finally adjourning, we may want to con- 
sider, that instead of adjourning now finally we adjourn 
to meet to-morrow morning at half-past nine, and have a 
short session to-morrow. Is that arrangement satisfac- 
tory to all of you, or does it seem undesirable? 

Mr. Sargent: I think the switch board question is of suf- 
ficient importance to have another discussion, if it can be 
done. It is a question of very vital importance with me 
when we are going to put in a new board with fifteen 
hundred subscribers. I am sure I don’t want to bring in, 
with its advantages, a greater or less amount of trouble 
that I can avoid by having more or less discussion. 

Mr. Hall: Then if there be no objection we will adjourn 
now, to meet to-morrow morning at 9.30 promptly. 


Adjourned to Friday, September 9th, 1887, at 9.30 A. M. 


NEW YORK, September 9th, 1587. 


Mr. Hall: I want to suggest an idea that occurred to me 
in thinking over our discussion of yesterday. We practi- 
cally reached the conclusion that it would be a desirable 
thing to provide in our line system metallic circuit cables, 
although we did not commence at once to use them as me- 
talic circuits. Then we took up the discussion of the 
switch board cables, and we left that last night still under 
consideration. In thinking over, after I went home, the 
arrangements suggested of running out the metallic cir- 
cuit to the subscriber, and working him practically on a 
loop grounded back to the central office, where practicable, 
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and in other cases grounding the twin conductor іп the 
cable at the office end, and at the outer end of the cable, 
where we intended to extend the circuit on a single wire, 
we went as far as we could in the line of arrangement for 
future metallic circuit work. Now, why should not we 
commence right at the central office, practically reverse 
that arrangement, and, instead of working the subscriber 
on a loop, start with the metallic circuit equipment in our 
central office and carry the double wires out as far as they 
will go, then extend the single wire for grounded circuits 
to the subscriber, or wherever practicable continue the 
metallic circuit connection. That is practically reversing 
thesuggestion of yesterday that we connect the subscriber 
by metallic circuit and then run back the wires either all 
the way to the office or part way to the office, and ground 
the return wire either at the cable or in the office, but not 
connecting it into the switch board. Аз I understand it, 
the multiple board is thoroughly adapted to metallic cir- 
cuit work, and that if we start with the metallic circuit 
arrangement at the board itself we have simplified the 
connections, the arrangements and the operating. Then 
we could add in metallic circuit subscribers just as rapidly 
as we were able to do it, one at a time, and the operation 
of the office would require no change whatever. 

Mr. Davis: Т don’t understand it to be practicable with 
the switch board, for instance, in this office, to do what 
you propose. You would have to use the test wire as one 
of the legs of your loop at the board, and it would have to 
be grounded at its far end. | 

Mr. Hall: Both wires being grounded at the far end it 
would not change the test, as I understand it, but would 
simply reverse the present test. That isthe only difference 
it would make. I would like to have that considered. 
Where we start with the equipment of a new office, we 
can, if the arrangement be considered practicable, start 
now right on the basis of a metallic circuit system. 

Mr. Barton: I understand that the arrangement of con- 
nections up-stairs here admits of doing just that thing that 
Mr. Hall proposes. Certainly it does if the metallic circuit 
reaches to the subscriber's office; but my impression is that 
it admits of it if the twin wire to the subscriber should be 
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grounded at the end of the cable; but about that I would 
not be sure at this moment. 

Mr. Davis: Is not the testing wire, Mr. Barton, neces- 
sarily an open wire? Can you ground it? 

Mr. Barton : No, sir; it is not necessarily an open wire. 
In a metallic circuit system the test wire of the switch- 
board connection becomes the return wire of the metallic 
circuit; and this arrangement here admits of converting, 
one at a time, or more, the test wire into a return wire for 
the metallic circuit. 

Mr. Davis ; If your telephone is grounded can you have 
your test wire on this board grounded? 

Mr. Barton ; That is the point: whether it would admit 
of grounding the return wire at an intermediate point 
between the central office and the subscriber's station, I 
would notsay. Mr. Scribner is more likely to be able to 
answer that than I. Heisin the city, but did not come 
because he was busy. І сап send for him if it is necessary. 
The question of connecting switch boards is an intricate 
one aud there are a great many things which are projected, 
but they very likely need study and experiment before they 
can be adopted. If we reach the point here of settling 
on what is to be aimed at, then the right way to reach 
that thing, can be determined by those who are most fa. 
miliar with the subject, by experimenting and trying the 
different things that are proposed, and seeing how they 
work out in practice. 

Mr. Hall : I made this suggestion having in mind the 
statement that Mr. Scribner made to me, that the metallic 
circuits would offer the most complete solution of the 
board arrangement. 

Mr. Patterson : I think there is one good point in Mr. 
Hall’s suggestion, to make the loose ends of the loop at the 
subscriber’s instead of at the central office, and that is, 
that it distributes the ground and does not mass the 
grounds in any one place. There sometimes has been 
trouble from getting too many wires grounded on the same 
earth surface, 

Mr. Hall: I had that in mind yesterday, but con. 
templated getting rid of that difficulty by running special 
grounds from the office to different points. For instance, 
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here in New York you can take a heavy ground wire and 
run it right down to the North River and connect it with 
the armor of our cables. It would give us enormous 
ground exposure in the river. 

Mr. Patterson: You would have a little resistance be- 
tween here and the river, and so many wires to be 
grounded you will have better service by getting dis- 
tributive grounds. The case would be about as bad as it 
would be any place else, I think. 

Mr. Hall: That is, you think we could not get a large 
enough conductor to make it practically a part of the 
earth. 

Mr. Patterson: I would not go as far as to say that you 
cannot. Bus, if you should turn the system around and 
get the ground at the other end, it would be better. 

Mr. Sargent: Do you think it is better to have the 
grounds in the central office? 

Mr. Patterson: No; have them away from it, and have 
them distributed instead of having them massed. My ob- 
jection was to grounding the wire at the central office. It 
occurred to me that grounding it at the subscriber’s end 
would be an advantage over grounding it at the central 
Office. 

Mr. Sargent: That was my opinion. I thought from 
one of your statements that it was the other way. 

M. Barton: There area number of things, perhaps, in 
this connection which will require experiment and inves- 
tigation to see just what works out the best in practice, 
and I hardly think that it is likely that we can reach a 
conclusion with reference to the details of this question 
that we have under examination this morning. We can, 
doubtless, reach a general conclusion as to what is to be 
aimed at. 

Mr. Hall: Our discussion last night practically took 
this shape: that if we could in some way adopt the metal- 
lic circuit system in the office it would be a very desirable 
thing to do; but we did not get to any very exact way of 
doing it, if I recollect the drift of the discussion. We did, 
however, conclude that this outside arrangement would 
be desirable. It occurred to me the two propositions 
might be combined, and it would be well if Mr. Scribner 
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could be called over. I think from a very slight examina- 
tion of the diagram that I have drawn here he will be 
able off-hand to answer the question as to whether the 
arrangement would or would not complicate the test. 

Mr. Scribner was here sent for. 

Mr. Hall : Mr. Scribner is here now and I will give him 
the diagram showing the suggested change and will ask 
him whether the proposition considered this morning, of 
making switch boards entirely of metallic circuits and ex- 
tending metallic circuits from the boards, so far as practi- 
cable, and operating the subscriber;on the metallic circuit 
partially and partially on the grounded system, until the 
entire metallic circuit arrangements can be adopted 
throughout— whether in that case the operation of the 
central office would be practicable so far as the arrange- 


Explanation of Eigures Seven and Eight. 


Figure 7 shows the first method of preparing for metal- 
lic circuits. 

Line Number 1 has а cable in its central portion, each 
end of the spare wire being grounded at Е. 

Line Number 2 has a cable at the switch board end B, B; 
the spare wire being grounded as before. 

Line 3 has a cable at the subscriber's end, his instrument 
being connected in metallic circuit to the cable, and being 
grounded at the further end Е. 

Line 4 shows a line without cable. 

Figure 8 shows the metallic circuit switch board ar- 
rangement. 

Line 1 has cable in its central portion, the ends of the 
spare wire being grounded. The spare wire of the metal- 
lic circuit from switch board being brought out from 
board and grounded outside. 

Line 2 has cable at the switch board end, the extra wire 
being grounded at the further end of the cable. 

Line 3 has cable at subscriber's end; the subscriber is 
connected as in Figure 7, line 3. The wire from switch 
board is brought outside and grounded. 

Line 4 shows a line without cable; the line from switch 
board is brought outside and grounded. 

It will be noticed in this latter arrangement that no change 
in the switch board will have to be made when metallic 
circuits are adopted, and the change may be made gradu- 
ally, part of the circuits being worked as metallic and 
part as grounded circuits. 
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ment of wires is concerned, апа so far as the test is con- 
cerned. Or, in other words, to simplify the question, 
whether that proposition is feasible. 

Mr. Scribner: As I understand the diagram, Figure 8, the 
wires would all be metallic-circuited through the switch 
board. Some of the wires would be complete metallic circuits, 
and some of them would be grounded outside of the switch 
board apparatus. With such an arrangement, when two 
of the lines, which are grounded lines, are connected to- 
gether you would get but the effect of two single grounded 
lines. When one of the grounded lines is connected with 
a metallic circuit you get a complete metallic circuit 
throughout the connection to the two terminal grounds. 
The switch board apparatus, I think, could be arranged to 
do this satisfactorily. I already have plans for working 
such a switch board and have tried some experiments in 
this direction, and from those experiments and from the 
diagrams that have been made I feel pretty confident that 
it will work successfully. 

Mr. Hall : Would that arrangement eliminate the cross- 
talk from the switch board? 

Mr. Scribner: If the wires were twisted in pairs it 
would, I think, eliminate almost all of it. I can see a 
chance for some little cross-talk by reason of an open leg 
that would be left on the test wire when two lines were 
connected together. Whether it would be entirely elimi- 
nate or not, I am not sure, and some experiments would 
be necessary to determine it to satisfy me. 

Mr. Sargent : If in this arrangement of the switch you 
utilize your present test wire, how are you going to ar- 
range for a test? 

Mr. Scribner : Do you mean if this plan is adopted? 

Mr. Sargent: Yes, if the test wire becomes a part of the 
circuit. Does it still act as the test wire the same as 
before? 

Mr. Scribner: Yes, it still acts as a test wire, but an 
additional provision must be made to provide for tests. 
It may be a circuit-breaker, connected between the test 
wire and the main circuit, an interrupter or circuit-breaker, 
which is not in circuit when the two lines are connected 
together but is in circuit when they are out of use. 
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Mr. Sargent: I understand that the interrupter would 
not be heard by the subscriber unless he should listen to it 
on his wire without calling. 

Mr. Scribner : It would only be heard by the subscriber 
during the moment an operator was testing for a line; 
that is, at a moment when there is no conversation going 
over a line. 

Mr. Sargent: And the change does not involve any ad- 
ditional connections or additional wires from what we 
already require in the present board? 

Mr. Scribner: There would be no additional cabling, no 
additional points of contact in the switch board as it now 
stands. You would simply connect the lines with the 
same wires that now exist on the switch board in a differ- 
ent manner. 

Mr. Sargent: Would there not be this difference, that 
the present plugs are solid plugs with a single cord con- 
necting them. With a metallic circuit system you must 
have double plugs with double cords. 

Mr. Scribner: Yes; double plugs and cords would be re- 
quired. 

Mr. Sargent: Then do I understand that double plugs 
and double cords are the only difference between the 
present switch board grounded and the present switch 
board adapted to metallic circuits? 

Mr. Scribner: Yes; that is the only difference. 

Mr. Davis: When you had a metallic circuit connected 
with a grounded circuit through a switch board would there 
not necessarily be one of those vibrators in line? 

Mr. Scribner: No, sir; the vibrators would always be 
cut off, no matter what connections were made at the 
switch board. 

Mr. Davis: Then how would a person on a section of 
the board which was on the line be able to test and find out 
whether the line was in use or not? 

Mr. Scribner: What do you mean by on the line? 

Mr. Davis: Suppose your lines come in at section No. 1, 
for instance, and the connection is made on section No, 8 
—the switching is done on section No. 8—how would an 
operator on section No. 5 test whether they were in line or 
not, unless there was a vibrator in there? 


| 
310—9 


| ` 
* 
„) 
.. 
LJ 
* 
4- 


71 


а 


[/ 
H 


M 


wah 


Digitized by Google 


147 


Mr. Scribner: The line would come in at section No. 1, 
pass through all of the sections, and after passing through 
the last section would pass through the vibrator and thence 
through all of the sections again on the return, and thence 
out. Now, no matter at what section the connection might 
be made, the vibrator would be cut off; and no matter 
what sort of line it might be, the vibrator would be cut 
off. If you make aconnection even at the last section, 
the vibrator being in circuit, beyond that last section, is 
cut off. It isa little difficult to explain that without a 
diagram. 

Mr. Jacques: I was going to suggest that you might 
give us a diagram of your proposed arrangement. 

Mr. Scribner; I will call this diagram Figure 9. There 
is a vibrator at the point B. The line enters at spring- 
jack C, and passes through the different boards and 
through the enunciator D and vibrator B. If you insert 
a plug at any of the spring-jacks the contact of the 
spring-jack is broken, leaving the circuit through the 
enuciator D and the vibrator B open. For example, if 
I put in a plug at the point E, I open the spring from the 
contact and the extension from normal contact of spring 
Е through the enuciator D and vibrator B will stand 
open. This would be the case no fnatter which spring- 
jack I insert my plug at. Diagram 10 shows a plug in 
circuit. Diagram number 9 represents a line from a sub- 
scriber's station, grounded at Es, passing through his ap- 
paratus A, thence through spring-jacks C, D, E, enunci- 
ator D, vibrator B, and to the test rings H, H' and Н”; 
thence out towards the subscriber's station a certain dis- 
tance in metallic circuit and grounded at E,. Plug Г 
Figure 10, is inserted at spring-jack D. The plug 
consists of two parts, a sleeve and a shank with a ball 
upon the end of it, the two parts insulated from each 
other. When inserted the ball makes contact with the 
the spring, lifting the spring from its normal contact point. 
With this arrangement the circuits may be traced from 
the subscriber’s apparatus A through spring-jacks B, C, D, 
to the ball of the plug, thence to cord 7, and if that cord 
be connected to a metallic circuit it will return and be 
connected to cord J, and cord J, being connected to the 
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sleeve of the plug makes contact with test ring H, and the 
circuit may be traced thence to test rings H’, Н”, out on 
the line to the ground. Now, with this arrangement 
there is an open extension from wire connecting with 
test ring Н through the vibrator G and enunciator 
F to the normal contact point of spring-jack D, at 
which point that extension is open. This arrangement 
would exist if the plug were inserted at spring-jack C or 
B. The vibrator is in constant vibration but can produce 
no effect upon the line as long as there is no battery upon 
the line or as long as the contact at a spring-jack 15 open. 
An operator testing at either of the points H’ or H” would 
get no vibration from the vibrator G, no rattle in his tele- 
phone, and would know that the line was busy. 

Mr. Jacques: Because he gets silence. 

Mr. Scribner: Because he gets silence. The line is in 
use; he gets silence. If now we remove the plug from 
spring-jack D a complete circuit exists from the ground— 
which extends to the test rings FI’, Н’ and H, and 
through the vibrator, ennunciator and the different spring- 
jacks to the subscriber’s station. An operator testing with 
this arrangement will get vibration of the vibrator G if 
he touches a plug to either of the test rings, when that 
plug connects through a battery, and his telephone to 
ground. The extension from ring H through vibra- 
tor С and enunciator Е’ is connected with the circuit, but 
stands as an open connection, when plug 15 inserted. 

Mr. Sargent: Then when you make the connection on 
the fa~ side of the board, if you call it that, the extension 
of this line would be attached to the connection as a dead 
wire, open and extending through your whole system of 
switches. 

Mr. Scribner: Yes, sir; that is right, and it is that ex- 
tension that I feared might cause some cross-talk, because 
there would be no neutralizing influence there, with twiste 
wires. | 

Mr. Hibbard: It extends equally,I understand it, whether 
you go in at B or D. 

Mr. Sargent: If you go in at D you shorten it to а mini- 
mum; if you go in at B itis a maximum. 

Mr. Scribner: When we plug in at Н”, Fig. 9, our ex- 
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tension standing open is from H”, H’ to Н, vibrator В, 
ennunciator D, spring-jacks Е and D to normal contact of 
C, and this is a longer extension than it would have been 
had we plugged into the board at Е. 

Mr. Hibbard: I understand that the operator in testing 
has a telephone which extends from ground and is open at 
the other end. Is that so? 

Mr. Scribner: Yes, sir. 

Mr. Hibbard: Now, how would you test, if it is a me- 
tallic circuit and is not grounded on either branch? 

Mr, Scribner: When the lines are completely metallic- 
circuited, the subscriber’s apparatus must be so arranged 
as to provide a ground. 

Mr. Hibbard: That is a ground when the telephone is 


hung upon the hook? 
Mr. Scribner: Yes, when it is hung upon the hook. 


Mr. Hibbard: That of course is very simple. 

Mr. Scribner: A very simple arrangement of the appa- 
ratus. 

Mr. Sargent: Is there not a possibility of the great ex- 
tension of this wire giving you trouble from condenser 
effect, circulating through the whole system of boards in 
a large office? 

Mr. Scribner: I have not traced out the circuits as they 
would be presented to each other. Аз І said a short time 
ago, there was the point that I feared we would get cross- 
talk from if we got it from any point at all—from this open 
extension through the boards when the lines were con- 
nected together. Whether there is any reason for that fear 
or not I am not certain now. 

Mr. Jacques: If those two wires were twisted together 
it would get rid of all cross-talk, as far as they are con- 
cerned. Now, Ш it is possible (I don't know whether it is 
or not) to have that plug break the circuit at X as well 
as at the normal contact point, you would get rid of that. 

Mr. Scribner: It is not possible with the apparatus in its 
present form. 

Mr. Jacques: The test is that you get nothing if that 
line is at H'. | 

Mr. Scribner: I am not surethat it would interfere with 
the test. 
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Мт. Hall: We would not have the second break put in 
if we could possibly avoid it. The disadvantage would 
have to be very strong to counterbalance the objection of 
putting another point of opening in the circuit. 

Mr. Scribner: It seems to me as if that arrangement 
would reduce the cross-talk to a minimum, at all events, 
as far as the switch board is concerned. 

Mr. Jacques: It would reduce it one-half. Now you 
want to contrive to get rid of the other half. 

Mr. Scribner: I don’t quite see where you get exactly 
half. 

Mr. Jacques: That is through some measurements that 
I spoke of yesterday, where I found that the electrostatic 
capacity of the boards was one-half in this part and one- 
half in the first wire. 

Mr. Hall; Then, as I understand it, Mr. Scribner, the 
arrangement does not present any insuperable difficulty so 
far as the test 1s concerned. 

Mr. Scribner: I do not see any great difficulty. 

Mr. Hall: It does not involve any increased complica- 
tion in the wiring or operation of the board? 

Mr. Scribner. It does not. It requires some more ap- 
paratus and some more connections. 

Mr. Hall: But nothing of moment. 

Mr. Scribner: Nothing of great importance. 

Mr. Hall: And it could be adapted without difficulty to 
the existing multiple switch boards? 

Mr. Scribner: Yes. 

Mr. Hall: І did not intend to take up all your time this 
morning in discussing this proposed change. I only wanted 
to make the suggestion and have it considered. The discus- 
sion last night ended with the matter of switch board cables 
unfinished, and it was desired to meet this morning for 
the purpose of having any suggestion which might 
occur to any of us brought out, or to continue the discus- 
sion of last night, as to removing cross-talk in the board 
through the arrangement of the cables used for wiring. 
Has anyone anything further to suggest? 

Mr. Sargent: I would like to ask Mr. Jacques whether, 
if two grounded loops could be connected together, there 
would be any trouble introduced by having those two 
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wires, as they would be, two parallel grounded wires of dif- 
ferent lengths? Would there be any difficulty in the way 
of condenser effect there ? 

Mr. Jacques: This shorter wire tends to free the line in 
question from electrical disturbances whether of leakage 
or induction from other lines. It is a beneficial effect. 

Mr. Davis: Would it decrease or not affect retardation? 

Mr. Jacques: It would not change the retardation. 

Mr. Davis: Suppose you took the ground off of the leg 
that is not in line, would it affect the retardation? 

Mr. Jacques: I am supposing of course always that 
these wires are not two isolated wires but a part of the 
system. It would not change the retardation at all in that 
case. 

Mr. Davis: I don't believe it would make any trouble 
myself. 

Mr. Jacques: Removing a cause of disturbance cannot 
create any trouble. 

Mr. Hall: Asthe Brooklyn and the Buffalo companies 
are both about to put in new multiple switch boards and 
rearrange their offices, it seems to me it would be very 
desirable to have this matter followed up and pushed to a 
conclusion, so far as our discussion has brought out the 
points of the case I am very strongly inclined to think that 
this arrangement is the proper one to adopt. and I know 
that the Buffalo company has had strongly in mind for 
sometime the feeling that it must come to a metallic cir- 
cuit system, and has been endeavoring to shape its plans 
to work in that direction. 

Mr. Davis: In this connection I would like to ask if it 
would not be, in constructing underground work, very 
desirable to establish good grounds at every manhole. 
Your cables are liable to terminate in anyone of the man 
holes. 

Mr. Patterson: I think in any case the metal of the pro- 
tecting pipe will furnish sufficient ground. The wires if 
they are grounded will be grounded inside of the pipe and 
not taken out and then grounded. "They will simply be 
put in contact with the metal. 

Mr. Davis; With the lead of the cable, for instance? 
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Mr. Patterson: The lead of the cable; the wires instead 
of being brought outside would be put in contact inside. 

Mr. Scribner: In the conversation last evening the 
point was discussed of running the wires from the switch 
board cables in pairs twisted, with the test wire to be used 
in the same manner that it has been used heretofore with 
single wires. I said that to run the wires in pairs twisted 
would be likely to increase the cross-talk over what was 
had where the wires are run at random. This was be- 
cause I had the idea that the pairs were to occupy the 
same position with relation to each other throughout the 
entire switch board system; 1 supposed that that was the 
plan to be adopted in outside cables, and that the inside 
cables would be made in precisely the same way. There 
would be no trouble, however, about the cross-connecting 
the pairs and keeping the cross-talk of the grounded lines 
down to what it is now and the system would then be 
ready for metallic circuits when metallic circuits would be 
required. 

Mr. Hall: If there is nothing further we will now ad- 
journ sine die. 
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